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Serial No. 10/633,938 
In the specification: 

Please amend the two full paragraphs appearing on page 30, lines 4 to 23 as indicated 

below. 

Fig. 8 shows still another equivalent to the present invention in a diagrammatic 
illustration including a power unit such as the h ydraulic cylinder 220, fluid lines 222 and 
224, and pistons 226 and 228 slidingly mounted witliin the cyhnder 220. Tlie belt ends 230 
and 232 are mounted to tiie pistons 226 and 228. Upon actuation of an actuator, hydraulic 
fluid is forced into the hydrauhc cylinder 220, forcing the pistons 226 and 228 toward on 
another longitudinally, thereby exerting a force on the belt ends 230 and 232. The actuation 
of the actuator 234 is accomplished by a downwardly directed force which exerts a similar 
force to a patient's chest lying directly beneath the hydraulic cyhnder 220. 

The actuator 234 could be attached to a power supply 236 such as a central piston 
which compresses a fluid within a hydraulic cylinder. Upon actuation of actuator 234, the 
hydraulic fluid within the cylinda: is compressed and is conveyed througli the lines 222 and 
234 and the pistons 226 and 228 are driven inwardly as described above. This embodiment is 
also equivalent to the prefeired embodiment. 
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1. U.S. patent 4,004,579 to R.G. Dedo. 

2. U.S. patent 4,273,1 14 to C.E. Barkalow et al. 

3. U.S. patent 5,407,418 to R. Szpur. 



- 13- 



PAGE 15/61 ' RCVD AT 4«/2008 5:25:17 PM (Eastern OayHght Time] * SVR:USPTO-EFXRF.5/46 • DN18:2738300 • C81D:312 258 1389 * DURATION (mm-ss): 27-54 



Apr-08-2008 03:56 PM 



FRIEDMAN & FRIEDMAN 



3122581389 



16/61 



Serial No. 10/633,938 

4. Circulation, Joiimal of the American Heart Association, 1981:63:6767682; 
Transthoracic resistance in human defibrillation. Influence of body weight, chest size, serial 
shocks, paddle size and paddle contact pressure. 
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Cardiopulmonary Resuscitation (CPE) and Emergency Cardiac Care. 
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A fsacinatinff variety of techniquea for resuBcitation of the dead and near-dead 
has heen used by man down through the ages, even from the earliest of times. 
A number of these methods are shown on the front and back covers of this 
supplement. ^ 

Cover illustrations 1-17 were taken from scenes in a former exhibit in the 
Section on Medicine at the MuseUm of Science and Industry in Ghicaso. The 
exhibit was originally a gift to the . museum by the Public Service Co. (of 
Northern Illinois). The figures were three dimensional, molded in wax, and stood 
about one foot high. They remained a popular exhibit at the muaeura until 1963, 
when they melted away and could not be resuscitated during a Are in the section 
of the building where the exhibit was housed. 



1. Infltcting pain by whipping witli stlnalng nettles, later 
suppfemented by striking the skin wJth thd hands and wet 
cloths, was consfdered helpful In restoring those apparently 
in deep sleep. 

2. Warm ashes, hot water, and burning of dried animal ex- 
creta applied to the abdomen* of patients were thought to be 
of value In restoring heal and life to the cold body. 

3. Paracelsus was first to use common fireside bellows to 
Introduce air Into the lungs of apparently dead persons. 
Adaptations of this method were used throughout Europe for 
300 years. 

4. Hodh American Indians attempted to revive appareotly 
dead persons by blowing smoke Into an animal bladder and 
therefrom Into the victim's rectum. Called also "Dutch fumi- 
gation/' it was Introduced Into England in 1767. The method 
was used successfully for years In American colonies. 

5. This method was used In England, Europe, and America. 
Many cases of successful resuscUaiion from near-drowning 
are recorded. Pressure over chest aided in expelling air 
from lungs and Inspiration resulted when pressure was 
removed. 

6. This method, probably used before 1767. may stilt be 
seen.afong the waterfront. Barrel movement forward released 
pressure on victim's chest, allowing inspiration. Movement of 
barrel back caused the bod/s weight to compress the chest, 
inducing expiration. 

7. Persons unconscious from cold or fumes or appar- 
ently dead were successfully resuscitated by burial. A modi- 
fication was !o bury a victim upright wlU\ his head and 
chest exposed. Water w&s dashed on his face. 

8* This was used on Europe's' Inland waterways for re- 
suscliatlpn from near-<irownings. The victim's own body, 
contacting the horse, compressed his chest, forcing out air. 
When he was bounced from horse's back, his chest expanded 
and air entered his lungs. 

9. With a length of cloth encircling the chest, traction by 
two rescuers compressed the chest, forcing air from the 
hjngs. Release of the 'pressure permitted the chest to expand. 
Inducing inspiration. 

834 JAMA, Feb 18, 1974 e Vol 227, No 7 



10. This represents the first record of a victim laid prone, 
with chest oiovated. The operator pulled ttie patient onto 
his side, held him momehtarlly» then let him roll back. Pres- 
sure on the back of ttie chest expelled air. Pressure was 
then released by turning the patient onto hia side, causlf^ 
Inspiration. 

11. With tho victim on his back, arms above head, lung 
capacity is greater for inspiration; the arms are carried for- 
ward, folded on chest, and pressed to produce expiration. 
The tongue is held to keep the air passage open. This 
method Is still In use. 

12. Pressure Is exerted on the back of the prone victim; 
with his chest raised, to expel water. He Is Ihen turned onto 
his back, with the operator straddling and exerting pressure 
on the upper abdomen and lower chest, causing expiration. 
Releasing the pressure causes inspiration. 

13. Raising the victim fay hyperextansfon of his body In- 
duces expiration; lowering htm to the ground causes Inspira- 
tion. This method Is of little value, owing to the possibUity 
of injury to tho spine. 

14. This simple method requires but one person. Pressure 
applied to the victim's back forces his abdomen against his 
diaphragm, compressing the lungs and causing expiration. 
Release of the pressure causes inspiration. 

15. The Inversion method Is applied to a newborn baby. 
The pressure, created by squeezing the chest and by gravity, 
induces expiration; release of the chest compression lets 
afr i nil ate the lungs for Inspiration. 

16. This device was strapped over the lower thorax and 
upper abdomen; by manual operation, the muscular walls 
were lifted by vacuum suction for Inspiration; when pressure 
was exerted manually, air was forced from the lungs for 
expiration. 

17. Air is pumped from an electrically driven diaphragm 
pump Into pressure (expiration) and suction (Inspiration) 
vessels/ causing, within the dome on the patient's body, 
alternating positive and negative pressure to induce respira- 
tion in a natural manner. 

18. The method for one-rescuer cardiopulmonary resuscita- 
tion as recommended in the standards given In this supple- 
ment 

Standards for CPR and ECC 
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Standards for 

Cardiopulmonary Resuscitation (GPR) 
and Emergency Cardiac Care (ECC) 



At the Natrona! Conference on Siandanls for 
Cardiopulmonary Resuscltatton (CPR) and Emergency 
Cardiac Care (ECC) held in May 1973, standards for 
CPR and ECC were developed and recommended. 
They, relate to (1) recommanded principles and tech- 
niques ifor basic and advanced life support, (2) CPR 
training and certHfcation according to American Heart 
Association standards, (3) training of medical and 
allied heallh personneii (4) the role of the American 
National Red Cross and other agencies In training the 
lay-public, (S) the role of life support units in stratUied 
systems of emergency cardiac care, and C6) medico- 
le|^ aspects of CPR and ECC. The complete conference 
proceedings will be published by the Natfonal 
Academy of Sciences. 



THESE standards have been developed as a working 
guide for the proper traininfr and performance of 
cardiopulmonary resuscitation and emergency cardiac 
care. They have been prepared by leading authorities 
and represent a consensus of many qualiiied persons 
from a variety of disciplines. However, the perform- 
ance of cardiopulmonary resuscitation and emergency 
cardiac care Is an art that is constantly changing and 
developing as the beneiits of continuing experience and 
research become available, and the standards should 
serve to implement changes as required. They are in 
no Way intended to limit new concepts or advances. 
Deviations from thege standards may occur in certain 
situations not contemplated by the standards or where 
a trained clinician has a sound basis for his actions. 



Part I.— Introduction 



T)ie American Heart Association and the Kational 
Academy of Sciences-National Research Ck>uncil co- 
Bponsored a National Conference on StaTidards for 
Cardiopulmonary Reauscitation (CPR) and Emergency 
Cardiac Care (ECC) in Washington, DC, May 16-18» 
1973. This Conference was conducted because of the 
changes that have occurred during the past several 
>* years. In May 1966, the National Academy of Sciences- 
National Research Council sponsored a Conference on 
Cardiopulmonary Resuscitation that recommended the 
training of medical^ allied health, and professional 
pairamedical personnel in cardiopulmonary resuscita- 
tion according to the standards of the American Heart 
AsBociationA^^ Those recommendations resulted in 
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widespread acceptance of cardiopulmonaxy reauseita- 
tioji and training in the technique. 

Since the 1966 meeting, cardiopulmonary resuscita- 
tion has become a part of the broader field of emer' 
gency cardiac care. This development has been influ- 
enced by the efforts and activities of many groups. 
Outstanding contributions have been made by . the 
American Heart Association trough its training ma- 
terials and programa,*"^ by the decisions of National 
Academy of Sciences-National Research Council com- 
mittees and their publications,*"*^ by the reports of 
the Ihter-Society Commission on Heart Disease Re- 
sources,^®'^ and by the reeonmiendations and evalu- 
ations of government agencies,^*!^ professional medical 

Standards for C^R and ECC B3T 
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These programs have been assisted financially and 
organizationally by federal agencies such as Regional 
Sfedical Programs, Health Services and Mental Health 
Administration, National Heart and Lung Institute, 
Department of Transportation, and by nutnerous state 
and local governing bodies, professional organizations, 
and rescue groups. 

As a result of these activities, it has become in- 
creasingly apparent that a broad national program 
of life support measures is required to bring the bene- 
fits of cardiopulmonary resuscitation and emergency 
cardiac care to all segments of the public. This can 
be accomplished only by Intensive public and- profes- 
sional programs. 

These programs must 

1. Provide education to increase awareness of the risk 
factors that may lead to heart attack, early warning signs 
and recognifcian of heart attack, and what to do in a 
cardiopulmonary emergency. 

2. Eliminate patient and physician denial and reduce 
the time interval between onset of symptoms and the de- 
livery of life support through the emergency medical care 
system. 

3. Assure adequate training of large segmenta of the 
public in h&Qiz Iffe support measures, 

4. Generate integrated, community-wide stratified pro- 
grams of emergency cardiac care as part of comprehen- 
sive emergency medical services. 

6. Guarantee tiie availability and accessibility of an 
emergency care system lor elFecttve stabilization and 
treatment of emergency patients at the scene and during 
tranaportatian by well-trained emergency medical techni- 
cians and o&er ambulance and rescue personnel. 

6. Provide adequate life support miits throughout all 
communities, 

7. Standardize the roles of hospital staff and the ade- 
quacy of equipment and facilities in hospital emergency 
departments. 

The Conference, accepting as a model prograni one 
that embodied all the. above attributes, has created 
standards within this statement that will assist in pr^ 
moting a national program of life support meaaures. 
Recommendations (rf the Conference are as follows : 

1. Basic life support CPR training programs must be 
extended to the general p\iblic, starting with speciAc need 
groups such as- policemen, firemen, lifeguards, rescue work- 
ers, high-risk-industry workers, and families of cardiac pa- 
tients, and then expanded to include training of school 
children and other segments of the general public. The 
American National JRed Cross;, medical organizations, and 
other agencies concerned with lifesayiug wiU participate 
in these programs. 

2. Training in cardiopulmanary resuscitatioii and emer- 
.gency cardiac care must be according to the standards of, 
the American Heart Associatioiu The association will' 
ccatinue to review, revise, and up-date the standards on 
the basis of scientific information and experience. 

3. Certification of competency at various levels of life 
support must be based on nationally standardized cur- 
xicnia that Include both written and performance tests. 

4. Delivery of basic and advanced life support by highly 
trained personnel must be required for all life support 
units and hospitals on an integrated, stratified, community- 
wide basis. 

5. These goals must be implemented by legislation and 
medicolegal action where needed, to ensure the delivery 
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of effective cardiopulmonary reduscitation and emergency 
cardiac care to the entire population. 

General Conafderatlons 

It has been estimated that about one million per- 
sona in the United States experience acute myocardial 
infarction each year. More than 650,000 die annually 
of ischemic heart disease. About 360,000 of these 
deaths occur outside the hospital, usually within two 
hours after the onset of symptoms. Thus, sudden death 
from heart attack is the moat important medical emer- 
gency today. It seems probable that a large number of 
these deaths can be prevented by prompt^ appropriate 
treatment. In addition, many victims who die as a 
result of auch accidental causes as drowning; elec- 
trocution, suffocation, drug intoxication, or automobile 
accidents could be saved by the prompt and proper 
application of cardiopuhnonary resuscitation and emer- 
gency cardiac care. This can best be assured by the 
victim's entry into an organized and effective oyst'em 
of emergem^ cardiac care. 

Smergency cardiac care (BCC) is an integral part 
of a total, community-wide comprehensive system of 
emergency medical services (EMS) and should be 
integrated into the total system response capability 
for aU types of life-threatening situations. The sys- 
tem must provide proper identification and appropri- 
ate action for all medical emergencies. However, the 
standards presented here concern themselves only with 
the principles and concepts of emergency cardiac care. 

Emersency Cardiac Core 

In this statement^ emergency cardiac care includes 

all the following elements: 

1, Recognizing early warning signs of heart attacks, 
preventing complications, reassuring the victim, and mov- 
ing him to a life support unit without delay. 

Z, Providing immediate ba^ic life support at the scene, 
when needed. 

3< Providing advanced life support as quickly as possible. 
4. Transferring the stabilized victim for continued car- 
diac care. 

Emergency transportation alone, without life sup- 
port, does not constitute emergency cardiac care. Al- 
though transportation is an in^tortant aspect, the 
major emphasis of ECC Is life support through sta- 
bilization of the victim at the. scene of the life-threat- 
ening emergency. Stabilization must be maintained 
during transport of the victim to the site of continuing 
cardiac care. ' 

Within the definition of emergency cardiac care 
there are two other important t:oncepts that must be 
clarified — basic life support and advanced life support. 

Basic Life Sujrport is an emergency first aid. proce- 
dure that consists of the recognition of airway ob-. 
struction, respiratory arrest and cardiac arrest, and 
the proper application of cardiopulmonary resuscita- 
tion (CPB). CPB consists of opening and maintaining 
a patent airway, providing artificial ventilation by 
means of rescue breathing, and providing artificial 
circulation by means of external cardiac compression. 

Advanced Life Support is basic life support plus nse 

Standaids for CPR and ECC 
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of adjunctive equipment, intravenous fluid lifeline 
(infusion), drug administration, defibrillation, sta- 
bilization of the victim by cardiac nxonitodng, con- 
trol- of arrhythmias, and poartresuacitation care. Also 
it includes eatabliahing necessary communication to 
assure continuing care, and maintaining monitoring 
and life support until the victim has been transported, 
and admitted to a continuing care facili^. Advanced 
Hfe support requires the general supervision and di- 
rection of a physician who assumes responsibility for 
the unit. Jt must have adequate communications on a 
24-hour-pQr-day basis. This may necessitate appro- 
priate legislation or standing orders for'irapl.ementa- 
tion. 

To be effective, emergency cardiac care should be 
an integrated part of a total community>wide emer- 
gency care and commuiiication system. It is to be baaed 
on local community needs and resources and be con- 
sistent with state and national policies. The success of 
such, a community-wide system requires multi juris- 
dictional participation and planning to ensure opera- 
tional, as well as equipment, compatibility within that 
system and between adjacent systems. The initial 
planning of a community-wide system should be under 
the direction of a local community advisory council 
on emergency services charged with the responsibihty 
of assessing community needs and resources, defining 
priorities, and planning to meet those needs. Critical 
evaluation of operating policies, procedures, statistics, 
and case reports must be a continuing responsibility 
of state or local governments or the counciL Such an 
evaluation should provide the basis for modification 
and evohition of the system. 

It is well recognized that the emergency cardiac 
care segment of a community-wide emergency system 
is best provided through a stratified system of coro- 
nary care." This stratified system has three levels: 

Leve[ 1: Emergency Life Support Units 

(a) Life Support Units 

(1) Baste 

(2) Advanced 

(b) Mobile Lrfa Support Units 

(1) Basic 

(2) Advanced 
Level 2: Coronary Care Units 

tntBrmedlate Care Units 
Level 3: Regional Reference Centers. 

The standards recommended within this statement 
are concerned only with the first level, emergency life 
support vfnita. Components such as public education, 
professional education, and emergency medical com- 
munication are essential parts of the total emergency 
system. 

Public Education. — The greatest risk of death from 
heart attack Kea in the first two hours after onset. 
The potential victim must first be educated to recog- 
nize the usual manifestations of heart attack — per- 
sistent ehestsshoulder-arm pain, sweating, nausea-vom- 
itingj palpitation, fatigue. He then must know how 
to jrain access to the emergency medical system. The 
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fastest way for an emergency medical team" to re- 
spond is through the use of a universal emergency 
telephone number, such as 911. Once this number is 
established, it must be promoted through an educa- 
tional program so that it will be used. 

Sach individual should have a well-formulated plan 
of action for use in an emergency. This plan will be 
based on the plan of action optimal for his own com- 
munity. In some cases, this means that a physician 
• should be called first, and, if he is not immediately 
available, the victim should proceed without delay to 
an emergency department or a facility with life sup- 
port capability. 

. When symptoms suggest an acute heart attack, the 
Conference reconraaends that a mobile life support 
unit be summoned to reduce the elapsed time from 
the onset of symptoms to entry into an emergency 
medical services (EMS) system. 

Professional Education. — Physicians must be aware 
of the emergency medical system in their own com- 
munities. Their actions should reflect the knowledge 
that most cardiac fatalities occur outside the hos- 
pital, and that every effort must be made to reduce 
the delay between the initial symptoms and thei' vic- 
tim's entry into an effective emergency care system. 
The physician should be aware of possible delays and 
avoid them. 

Phyjaician competence in CPU must be assured, 
and he should formulate a plan of action for emer- 
gency cardiac situations occurring in his ofi^e, in 
patients' homes, and elsewhere in the community. 

Emergency Medical Communications.'^Smergency 
medical commnnications is a vital element that must 
be integrated into any system of emergency medical 
services for it to function effectively. An adequate com- 
munication network for an £CC response is but 'one 
facet of total emergency medical services, but the com- 
munications system that supports emergency cardiac 
care also should support emergency medical service 
as a whole. 

The communications ssrstem will help preserve life 
and minimize morbidity at the scene, during transit, 
and in the hospital emergency department. There 
should be careful coordination of equipment and fre- 
quencies» including subcarriers for telemetry, to fa- 
cilitate both compatibility of subsystems at their in- 
terface and effective region alization in the future. 

Agreements for sharing communication channels and 
other forma of coordination are necessary. Emergency 
medical communications should be integrated into the 
emergency system and coordinated with such other 
agencies as fire, police, highway patrol. Coast Guard, 
and Military Assistance to Safety and Trailic. 

The emergency medical system should provide for 
central receipt of all emergency calls and central dis- 
patching of all elements of that system, depending on 
the nature of the emergency, geographic location, 
capability of the rescuing units, and other emergen- 
cies in progress. The central emergency medical com- 
munication center must have full knowledge of emer- 
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gency care systems, their coTnposition, their disposi- 
tion, and all activities, as well as medical capabilities 
and censas of each hospital in the area. The central 
dispatchers also must be issued medical guidelines to 
help them determine the appropriate medical facility 
to care for each medical emergency. 

Personnel of the central dispatching agency should 
receive special training in methods of rapid and com- 
plete questioning to determine the medical problem. 
They must he able to distinguish quickly the medical 
requirements for each type of emergency situation and 
follofw the medical guidelines as to the most appro- 
priate available receiving facility. In some communi- 
ties, multilingual dispatchers will be required. 

The communication network should be able to link 
each of the following to each other by means of two- 
way voice communications via the telephone, radio, or 
other means: the rescuer at the scene, the rescue ve- 
hicle, all hospitals that might receive the victim, and 
advisory medical personnel. Telephone-to-radip circuit 
interconnection, or telephone patch, should be con- 
sidered as one means of extending the EMS com- 
munication system, including remote consultation, to 
any i>eraon or facility within reach of a telephone. 

in many instances, two-way communication may be 
augmented by electrocardiogram telemetry. Telemetry 
methods and telemetry techniques must be standard- 
ized within health care delivery regions to assure that 
all systems within a region are compatible. It is vital 
that the rescuer be able to communicate directly with 
the EMS physician or specially designated nurse who 
can advise him regarding definitive medicaF .theory. 
The communications network should ensure that the 
receiving station or hospital is notified of the im- 
pending arrival of the victim, the nature of his prob- 
lem, and his general medical condition. 

Conference Recommendations. — Conference partici- 
pants reported that the present rules and regulations 
of the Federal Communicationg Commission <FCC) 
frustrate the achievement of a comprehensive com- 
munication system. Adequate emergency medical ser- 
vice communication channels are as vital to the public 
as the communication channels used by police and fire 
services. The Conference Committees recommend that 
the FCC establish an emergency medical radio service 
that would provide sufficient spectrum apace and ade- 
quate protection from interference by other services. 
Furthermore, the frequencies should be freely avail- 
able for a variety of emergency medical applications, 
eg> medical voice supervision, continuous and intermit- 
tent telemetry, and relay from fixed and mobile trans- 
mitters. This freedom is necessary to ensure the 
growth of effective . emergency medical service pro- 
grams. 

Role of the American Heart Association 

In 1968, the American Heart Association established 
a Committee on Cardiopulmonary Kesuscitation. This 
was expanded in 1971 to a Committee on Cardiopul-. 
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monary Resuscitation and Emergency Cardiac Care. 
The activities of this Committee have established for 
it a multiplicily of continuing roles in these ar.eaB. 
The Conference recognizes that these roles concern 
basic life support, advanced life support, and all as- 
pects of emergency cardiac care, and that they have 
evolved Into the following Committee charges: 

1. To establish and revise standard concepts and tech- 
niques periodically for basic and advanced Ufa support as 
related'to cardiopulmonary resuscitation and stratified emer- 
gency cardiac care. 

2. To establish standards for training- and retrarhlng In 
• basic and ad^nced life support 

3. To establish standards for training aids and materials. 

4. To develop and distribute training materials. 

5. To collaborate with other national medical and allied 
health organizations In establishing and promoting training 
programs In basic, and advanced life support for medical 
and allied health groups. 

6. To train and certify instructor-trainers and instructors 
for various organizations such as American National Red 
Cross, YMCA, Medical Sell Help, fire and rescue depart- 
ments, police departments, ambulance emergency medical 
technicians, lifeguards, Scouts, Department of Defense, and 
other interested groups, which then will be responsible for 
CPR Instruction of key personnel and trainees for Ihetr vari-. 
ous groups at the community level according to the American 
Heart Association training standards. 

r» To act as a catalyst at both the local and national 
levels to motlvato and stimulate the development of regional 
planning councils, whioh are required for the development of 
stralllfed emergency cardiac care systems, 

8. To develop and implement a simultaneous, coordinated, 
large-scale public education program* at the national and 
local levels In the areas of CPR, early warning signs, and 
risk factors, as related to development and use of stratified 
emergency cardiac care systems. To help meet the needs of 
pubilG response, It is planned that these programs will , be 
coordinated with the American National Red Cross and other 
first aid and medical agencies. 

. 9. To direct intensive professional education efforts to 
physicians to Increase their awaraness of the necessity for 
early entry of patients Into (a) monitored cardiac care systems 
and (/}) pracoronary care areas. 

10. To promulgate criteria at a national level to aid In 
decisions regarding when basic life support should not be 
instituted, when adv^anced life support should not be Insti- 
tuted, and when -tjasic or advanced Ufa support may be 
terminated. 

11. To ovolye practfcal guidelines for developing stratified 
cardiac care systems that are capable of implementation at 
the community level. 

12. To disseminate criteria for American Heart Association 
affiliates and chapters to certify persons In basic and ad- 
vanced life support according to nationally standardized 
course content and testing. 

13. To disseminate such Information to tha medical com- 
munity as (a) to date, there has not bean a successful logal 
action against a person who has given CPR In good faith, 
(b) in ganarat, medical practice acts exempt nonphyslcians 
who are acting in an emorgancy situation, and (c) through the 
use of the CP8 techniques where recommended, a large 
number of cardiac arrest vicllma have been successfully 
resuscitated at locations outside of hospitals and many long- 
term survivors have returned to full and productive lives. 

14. To assist In tho creation of effective "Qood Samaritan" 
coverage for physicians, nurses, professional allied health 
personnel, and nonmedical personnel performing basic or 
advanced life support In good faith either Instda or outside 
any life support unit 
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Part IL'Basic Life Sup|x>rt 



Basic life support is an emergency first aid proce- 
dure iiiai cQnsiffts of recognizmsr respiratory ahd car- 
diac arrest and starting: the proper application of 
cardiopulmonary resuscitation to maintain life until 
a victim recovers sufficiently to be transported or until 
advanced life support is available, lliis includes the 
A-B-C steps of cardiopulmonary resuscitation: 

asSlng } artificial veninatron 
C. circulation | . artificial cfrculatlon 



cardioputmdnary 
resiisc{ta2lon 



These steps always should be started as quickly as 
possible* They are performed in the order shown 
above (also shown in the frontispiece and in Fig 1, 
Life Support Decision Tree) except in si}ecial circum- 
stances such as: (a) in monitored patients or (&) in 
witnessed cardiac arrests. When cardiac arrest occurs 
in the monitored patient and trained personnel and 
defibrillators are available immediately, a precordial 
thump and/or advanced. life support procedures should 
be instituted without delay. In a witnessed cardiac ar- 
rest, the A-S'C sequence should include use of a 
precordial thump. (See "Precordial Thuznp,'' pkge 
847.) . ' 

There must be a maximum sense of urgency in 
startins basic life support. The outstandin^r advantage 
of - CPR is that it permits the earliest possible treat- 
ment of respiratory arrest or cardiac arrest by prop- 
erly trained persons. Optimally, only seconds should 
intervene between recognizing the need and starting 
treatmentb 

Indications for basic l!£e support are : 

1. Re^iratofy arrest and 

2. Cardiac aitest. Cardiac arrest caii result from: 

(a) cardioyascalar collapse 

.(electromechanical dissociation) 

(b) ventricular fibrillati.on, or 

(c) ventricular standstill (asystole)* 

In cases of collapsed or unconscious persons, the 
adequacy or absence of breathing and circulation must 
be determined immediately. If breathing alone is in-- 
adequate or absent, rescue breathing may be all that 
is necessary. If circulation is also absent, artificial 
circulation must Jba started in combination with rescue 
breathing. The inethods of recognizing adequacy or ab- 
sence of breathing or circulation arid the recommended 
techniques' for performing artificial ventilation and 
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arti'ficial circulation are presented below. Their proper 
stepwise sequence is detailed in the Life Support De- 
cision Tree (Fig 1). 

Artificial Ventilation 

Opening the airway imd restoring breathing are 
the basic steps of artificial ventilation. The steps can 
be performed quickly under almost any circumstance 
and without adjunctive equipment or help from an- 
other persoii. They constitute emergency first aid for 
airway obstruction and respiratory iiiadequacy or 
arrest. 

Respiratory inadequacy may result from an obstruc- 
tion of the airway or from respiratory failure. An ob- 
structed airway is sometimes difficult to recognize un- 
til the airway is opened. At other times, a iKurtially 
obstructed airway is recognized by labored brfea thing 
or excessive respiratory efforts, often involving acces- 
sory muscles of respiration, and by soft tissue retrac- 
tions of the intercostal, supraclavicular, and supra- 
sternal spaces. Respiratory failure is characterized by 
minimal or absent respiratory effort, failure of the 
chest or upper abdomen to move, and inability to de- 
tect air movement tlirough the nose or mouth. 

Airway. — ^The most important, factor for successful 
resuscitation is immediate openiiig of the airway. 
This can be accomplished easily and quickly by tilting 
the victim's head backward as far as possible. Some- 
times th'is simple maneuver is all that is required 
for breathing to resume spontaneously. To perform 
the head tQt, the victim must be lying on his back. 
The rescuer places one hand beneath the victim's neck 
and th6 ether hand on his forehead; He then lifts the 
neck with one hand and tilts the head backward by 
pressure wiUi his other hand on the forehead. This 
maneuver extends the neck and lifts the tongue away 
from the back of the throat. Anatomical obstruction 
of the airway caused by the tonfiiue dropping agamst 
the back of the throat thereby is relieved. The head 
must be maintained in this position at all times. (See 
Fig 2.) 

The head tilt method is effective in most cases. If 
head tilt is unsiiccessful in tipening the air passage 
adequately^ additional forward displacement of the 
lower jaw — jaw thrust — may be required. This can be 
accomplished , by. a triple airway maneuver in which 
the reseller places his fbigers behind the angles of the 

Standards for CPR and ECC 841 



PACE 26/61 • RCVD AT 4/8/2008 5:25:1 7 PM [Eastern Daylight TlmeJ ' SVR:USPTO-EFXRF-5/46 • DNIS:2738300 * CSID:312 258 1389 * DURATION (mm-ss): 27-54 



Apr-08-2008 04:01 PM 



FRIEDMAN & FRIEDMAN 



3122581389 



27 




Fig 2. — Head (lit method of opening airway 



victim's jaw and (1) forcefully displaces the njandible 
forward while .(2) tilting the head backward and (3) 
nsin^ hia thumbs to retract the. lower lip to allow 
. breathing- through the moutli aa well as through the 
nose. The jaw thrust is performed best from a posi- 
tion at the top of the victim's head. 

However, if the victim does not resume spontaneous 
breathing, the rescuer must move to the victim's side 
to perform mouth-to-mouth or mouth-to-nose ventila- 
tion. Several yariatioiis of the jaw thrujst may be used. 
When using jaw thrust for mouth-to-mouth ventilation, 
the rescuer must keep the victim's mouth open with 
bis thumbs , and seal the noae by placing his chpek 
against it. Hpwever, this is more difficult to teach and 
practice on manikins, -and more difficult and tiring to 
peifotin on victim's thaii the head tilt method. iFor 
month-to-noBc ventilation with jaw thrust, the rescuer 
uses his cheek to se^l the victim's mouth and does not 
retract tHe lower lip with his thumbs. Such. special 
details of perfojmance and the problems associated 
with manikin practice limit iise of jaw thrust tech- 
zii^jKS to specially trained personnel. 
" Breathing. — ^If the victim does not promptly resume 
adequate spontaneous breathing after the airway is 
opened, artificial ventilation, so;netimes called rescue 
-breathing, must be started." Mouth-to-moiith breathing 
and raouth*to-nose breathing are both types of arti- 
ficial ventilation. 

To perform mouth-to-mopth ventilation, the rescuer 
uses his hand behind the victim's neck to maintain 
the head in a position of maximum backward tilt. 
He pinches the victim's nostrils together with the 
thumb and index finger of his other hand, which .also 
continues to exert piressnre on the forehead to main- 
tain the backward head tilt. The rescuer then opens 
his mouth widely, takes a deep breath, makes a tight 
seal with his mouth around the victini's mouth and 
blows into the victim's mouth. He then removes his 
tnoCith and allows, the victim to exhale passively, 
watching the victira's chest fall. This cycle is repeated 
once every iwe seconds as Iqng as respiratory inade- 
quacy persists. 

Adequate ,ventilation is ensured on every breath by 
the rescuer 

L Seeing the chest rise and fan 



2. Feeling in his Qwn airway the resistance and 
compliance of the victim's lungs aa they expand 

3, Hearing and feeling the air escape during ex- 
halation. The initial ventilatory maneuver should be 
four quichj fu% breaths without allowing time for full 
lung deflation between breaths. • (See Fig 3,) 

In some cases, mouth-to-nose ventilation is more\ 
eifective than mouth-to-mouth v.enidlation. The former 
is reconmiended when it is impossible, to' open the 
victim's mouth, when it is impossible to ventilate 
throiigh his mouth, when the victim's mouth is seri- 
ously injured, when it is difficult to achieve a tight 
seal around his ihouth, and when, for some other 
reason, the rescuer prefers the nasal route. 

For the mouth-to-nose technique, the rescuer keeps 
the victim's head tilted back with one hand on the 
forehead* and uses the other hand to lift the victim's 
lower j^w. This seals the lips. The rescuer then takes 
a de.ep breathy seals his hps around the victim's nose 
and blows in until he feels the lungs expand. The res- 
cuer renioves his mouth and the victim is allowed to 
exhale passively: The rescuer can see the chest fall 
when the victim exhales. When inouth-tb-nose ventila- 
tion is used, it may be necessary to open the victim's 
mouth or separate his lips to allow the air to escape 
during exhalation because the soft palate nxay cause 
nasopharyngeal obstruction. This cycle should be re^ 
peated approsdmately every five seconds. 

Direct mouth-to-stoma artificial ventilation should 
be used for- persons who have had a laryngectomy. 
They have a permanent stoma that connects their 
trachea directly to the skin. It is recognized as an 
opening at the front of the base of the neck. Neither 
hlead tilt nor jaw thrust maneuvers ^re required 
for rnouth-to-stoma resuscitation. For a patient with 
a temporary tracheostomy tube in his airway, it is 
usually n.ecessary for the rescuer to seal the victim^s 
mouth and nose with his hand or a tightly fitting face 
mask to preyent leakage of air when the rescuer blows 
into the tracheostomy tube. This problem can be pre- 
vented if the tracheostcmiy tube is provided with an 
infiatable cuff. 

No adjuncts are required for ejffective rescue breathr 
ing; so artificial ventilation should never be delayed 
to obtain or apply adjunctive, devices. 

Infants and CkHdren. — Opening the airway and per- 
forming artificial ventDation are essentially the same 
for children as for adults. There are some differences, 
however. For infants and small children, the rescuer 
covers, both the mouth and nose of the child with his 
mouth and uses small breaths with leas volume to in- 
flate the lungs tmce every three seconds. The neck of 
an infant is bo pliable that forceful backward tilting 
of the head may obstruct breathing passages. There- 
fore, the tilted position should not be exaggerated. 

Accident Gases. — ^In accident cases, it is imperative 
that caution he* used to avoid extension pf the neck 
when there is a possibility of neck fracture. A frac- . 
tured neck should be suspecte^d in diving or automo- 
bile accidents when the victim ]ias lacerations of the 
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Fig 3,— MdBlh-lo-mouth resusdtaaon 



face and forehead. If a fracture is suspected, all for- 
ward, backward, lateral, or turning movement should 
avoided. To open the airway, a modification of the 
jaw thrust maneuver described above should be used. 
In this variationi the rescuer places his hands on 
either 9ide of the victim's head so the head is mainT 
tained in a fixed, neutral position without the head 
extended. The index fingers should then be used to 
displace the mandible forward without tilting the head 
backward or turning it to either side (modiiied jaw 
thrust). If required, artificial ventilation usuaUy can 
he provided in this position. If this is. unsuccessful, 
the -head should be tilted back, very slightly and an- 
other tittempt made to v^til^te, using the modified 
jaw thrust maneuver. 

Foreign Bodies.— The rescuer should not look for 
foreign bodies in the upper airway unless their pres- 
ence is known or strongly suspected. The first effort 
to ventilate the lungs will determine whether an air- 
way obstructzcm is present. If the first attempts to 
ventilate are unsuccessful despite properly opening the 
airway and providing an airtight seal around the 
mouth, an attempt should be made immediately, to 
dear airway with the fingers. The victim should 
be rolled onto his aide, with the rescuer's knee placed 
under his shoulder. The victim's mouth then is forced 
open with the thumb and index crossed-finger tech- 
nique. The rescuer runs his index finger or index and 
middle fingers down the inside of the victim's cheek 
toward the base of the tongue, deep into his throat. 
The rescuer's fijigers are moved across the bade of 
the victim's throat with a sweeping motion. Repeated 
attempts may be required. Where skilled, advanced 
life support personnel and equipment are available, 
direct laryngoscopy may -permit the fordgn Iwdy to 
be removed. 
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Larger foreign bodies frequently can be extricated 
by these finger maneuvers. If the rescuer is unable 
to dislodge the foreign body, or if it is impacted be- 
low the epiglottis, the victim should be, rolled onto 
his side toward the rescuer, who then delivers sharp 
blows with the heel of his hand between the victira's 
shoulder blades. Further attempts at clearing the air- 
way then should be made. If unsuccessful, there should 
be repeated efforts at mouth-to-mouth resuscitation, 
blows to the back, and probing the upper airway with 
tjie fingers. A small child having airway obstruction 
should be quickly picked up and inverted over the arm 
of the rescuer while the blows are being delivered 
between the child's shoulder blades. 

If all of these maneuvers fail, emergency crico- 
thyroid puncture and insertion of a 6 mm tube have 
been recommended for adults. However, this requires 
appropriate instruments and training and must be re- 
garded as an advanced life support technique. 

Gastric Distension. — ^Artificial ventilation frequently 
causes distension of the stomach. This occurs' most 
often in children, but it is not uncommon in adults. 
It is most likely to occur when excessive pressures are 
used for inflation or if the airway is obstructed. Slight 
gastric distension may be disregarded. However, 
marked distension of the stomach may be dangerous 
becaiise it promotes regurgitation, and it reduces lung 
volume by elevating the diaphragm. Several case? of 
gastric rupture resulting from overdistension have 
been' reported. Obvious gross distension should be re- 
lieved whenever possible. In the unconscious victim, 
this can tie accomplished without adjuncts by using one 
hand to exert moderate pressure over the victim's 
epigastrium between the umbiUcus and the rib cage. 
To prevent aspiration of gastric contents during this 
maneuver, the victim's head and shoulders should be 
turned to one side. 



Artificial Cljculallon 
(Externa] Cardiac Compression] 

When sudden, unexpected cardiac arrest occurs, all 
of the A-B-C's of basic life support are required in 
rapid auccesaion. This includes both artificial ventila- 
tion and artificial circulaton (external cardiac com- 
pression). Cardiac arrest is recognized by pulseless- 
ness in large arteries in an unconscious victim having 
a death-like appearance and absent breathing. The 
status of the carotid pulse should be checked as quickly 
as possible when cardiac arrest is suspected. In an un- 
witnessed cardiac arrest, the rescuer first opens the 
airway and quickly ventilates the lungs four times. 
He then maintains the head tilt with one hand on the 
forehead, and with the tips of the index and middle 
fingers of the other hand, gently locates the victim's 
larynx and slides his fingers laterally into the groove 
between the trachea and the muscles at the side of 
the neck where the carotid pulse can be felti The pulse 
area must be felt gently, not comprjessed. 

Inhere are a number of reasons for recommending 

% 
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palpation of the carotid pulse rather than other pulses, 
^irst, the rescuer already is at the victim's head to 
perform aitiflcial ventilation and the carotid pulse is 
in the same area. Secondi the neck area generally is 
accessible immediately, without removal of any cloth- 
ing. Third, the carotid arteries are central and aome^ 
times these pulses will persist when more peripheral 
pulses are no longer palpable. Trainees should prac- 
tice palpation of the carotid pulse during classes* 1^ 
hospital situations, palpation of the femoral artery is 
an acceptable option to use instead of the carotid ar- 
tery. It is not practical to feel the carotid pulse in 
infants and smaU children. Instead, the rescuer's hand 
should be placed gently over the precordium to £eel the 
apical beat^ 

Absence or questionable presence of the pulse is 
the indication for starting artificial circulation by 
means of external cardiac compression. External car- 
diac compression consists of the rhythmic application 
of pressure over the lower one half of the sternum, 
but not 'Over the xiphoid process. The heart lies slight- 
ly to the left of the middle of the chest between the 
lower sternum and the spine. Intermittent pressure 
'applied to the sternum compresses the heart and pro- 
duces a pulsatile artificial circulation. During cardiac 
arrest, properly performed external cardiac compres- 
sion can produce systoUc blood pressure peaks of over 
100 mm Hg, but the diastolic pressure is zero and 
the mean pressure seldom exceeds 40 mm Hg in the 
carotid arteries. The carotid artery blood flow result- 
ing; from external cardiac compression on a cardiac 
arrest victim usually is only one quarter to one third 
of normal. 

Bhctemat cardiac compression always must be ac- 
companied by artificial ventilation. CSompression of the 
sternum produces some ventilation, but the volumes 
are insufiScient for adequate oxygenation of the blood. 
Therefore, artificial ventilation is alwaya required when 
external cardiac compression is used. 
' Technique for External Cardiac Compresaicm. — ^The 
patient always must be in the horizontal position when 
external cardiac compression is performed since, dur- 
ing cardiac arrest, there is no blood flow to the brain 
when the body is in the vertical position, even during 
properly performed external cardiac compression. It 
is imperative, therefore* to get the cardiac arrest vic- 
tim into- a horizontal position as quickly as possible 
in situations where he is vertical, such as in a dental 
chair, trapped in a vehicle, stricken on a telephone 
pole, while in a stadium seat; or in any similar situ- 
ation. Elevation of the lower extremities, while keep- 
ing the rest of the body horizontial, may promote venous 
return and augment artificial ciareulation during ex- 
ternal cardiac compression. 

Effective external cardiac compression requires suf- 
ficient pressure to depress an adult's lower sternum 
a minimum of 1% to 2 inches. For external cardiac 
compression to be effective, the victim must be on 
a firm surface. This may be the ground, floor, or a ' 
spineboard on a wheeled litter. If the victim is in bed, 
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. a board, preferably the full width of the bed, should 
be placed under his back. However, chest compression 
must not be delayed while this support is awaited. 

The rescuer positions himself close to the victim's 
side and places the long axis of the heel of one hand 
parallel to and over_ tlie, long axis of the lower ;'one 
iialf of the sternuniL; Gresit care mustvbe exeircised not: 
Vto;7pla:ce the hand over, the loWer ■ tip - of ^ the sternum 
'-(xiplibid process) that ^ehds dbwriwatd over the ui>^; 
\^er; abdomeK^^^^ this, the rescuer feels the tip' 

*j(jf 'the xiphoid and places the heel of his hand on 'the 
; lower one half of the sternum about 1 to IVS inches 
away .from the tip* of the xiphoid and toward theivic- 
tim*s* head. He then places the other hand on top of 
the first one (and may interlock the fingers), brings 
his shoulders directly over the victim's sternum, keeps 
his arms straight, and exerts pressure almost vertical- 
ly downward to depress the lower sternum a minimum 
of 1% to 2 inches. The compressions must be regular, 
smooth, and uninterrupted. Relaxation must immedi- 
ately foDow compression and be of equal duration. 
The heel of the rescuer's hand should not be removed 
from the chest during relaxation but pressure on the 
sternum should be completely released so that it re- 
turns to its normal resting position between com- 
pressions. (See Fig 4.) ' 

Since artificial circulation always must be combined 
with artificial ventilaton, it is preferable to have two 
rescuers.- One rescuer positions himsdf at the vic- 
tim's aide and performs external cardiac compression 
while the other one remains at the victim's head, keep- 
ing it tilted back,^ and cpntinues r^cue breathiiig. The 
eompreaaion rate for twa reactbers is 60 per minute. 
When performed without interruption* this rate can 
maintain adequate blood fiow and pressure and will 
allow cardiac refilL This rate is practical because it 
avoids fatigue, facilitates timing on the basis of one 
compression per second, and allows optimum ventila^ 
tion and circulation to be achieved by quickly inter- 
posing one infiation after each five chest compressions 
without any pause in compressions (5:1 ratio). The 
rate of 60 compressions per minute allows breaths to 
be interposed without any pauses. Interposing the 
breaths without any pauses in compression is impor- 
tant, since any interruption in cardiac compression 
results in .a drop in blood flow and blood pressure to 
zero. (See Fig 4.) 

Two rescuers can perform CPR best when they are 
on opposite sides of the victim. They can then switch 
positions when necessary without any significant in- 
terruption in the 5:1 rhythm. This is accomplished by 
the rescuer who is performing axtificial ventilation 
moving to the side of the victim's chest immediately 
after he has inflated the lungs. He places his hands 
in the air next to those of the other rescuer who con- 
tinues to perform external cardiac compression. Ab 
soon as the other hands are properly placed, the res- 
cuer performing chest compression removes his hands 
(usually after the third or fourth in the series of 
compressions) and the other rescuer then continues 
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A 

AIRWAY 

Rg 4,— TWo-re8cuar cardiopulmonary reBUscltatfon 
o 5 chest compressions 

-Rate of 60/mInute 
-No pause for ventilation 
« 1 lung rnnatlon 

-After each 5 compressions 
-Interposed between compressions 



Fig 5.— One-rescuer cardiopulmonary resuscitation- 

* 15 chest compressions (rats of 80/ minute) 

• 2 quick lung inflations 



with the aeries of compressions. The rescuer who had 
been compressing then moves to the victim's head 
and interposes the next breath. 

If the victim's trachea has been intubated, lung in- 
flation is easier and compression rates up to 80 per 
minute can be used aince^ breaths can be either inter- 
posed or superimposed following endotracheal intuba- 
tion. 

When there is only one reacuer, he must perform 
both artificial ventilation and artificiai circulation ug- 
ingr a 15:2 ratio. This eonsistig of two very quick lung 
infU^Hans .after each IS chest compressions (Fi? 5). 
Because of the interruptions for lung inflation, the 
single rescuer must i)erform each series of 16 cheat 
compressions at the faster rate of 80 compressions per 
minute in order to achieve an actual compression rate 
of 60 per minute. The two full lung inflations must 
be delivered in rapid succession, within a period of five 
to six seconds, without allowing full exhalation be- 
tween the breaths. If time for full exhalation were 
allowed, the additional time required would reduce the 
number of compressions and ventilations that could 
be achieved in a one-minute period. 

Infants and Children^-^With a few exceptions, the 
cardiac compression technique is similar for children. 
For small children, only the heel of one hand is used, 
and, for infants» only the tips of the index and middle 
fingers are used. The ventricles of infanta and small 
children Ue higher in the chest and the external pres- 
sure should be exerted over ^e midstemnm. The dan- 
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ger of lacerating the liver is greater in children be- 
cause of the pliability of the chest and the higher 
position of the liver under the lower sternum and 
xiphoid- Infants require one half to three fourths of 
an inch compression of the sternum; young children 
require three fourths to 1% inches. The compression 
rate should be 80 to 100 per minute with breatjjs de- 
livered* as quickly as possible after each five compres- 
sions. 

In infants and small children, backward tilt of the 
head lifts the back. A firm support beneath the back 
is therefore required for external cardiac compres- 
sion and can be provided by the rescuer slipping one 
hand beneath the child's back while using the other 
hand to compress the chest. A folded blanket or other 
adjunct can also be used beneath tlie shoulders to 
provide support. For small infanta, an alternate meth- 
od is to encircle the chest with the hands and com- 
press the midsternum with both thumbs. 

Checking Effectivettiesa of CPR. — ^The reaction of 
the pupils should be checked periodically during car- 
diopnhnonary resuscitation^ since this provides the best 
indication of delivery of oxygenated blood to the vic^ 
tim's brain. Pupils that constrict when exposed to 
light indicate adequate oxygenation and blood flow to 
the brain. If the pupils remain widely dilated and do 
not react to light, serious brain damage is imminent 
or has occurred. Dilated but reactive pupils are less 
ominous. Normal pupillary reactions may be altered 
in the aged and frequently are altered, in any in- 
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A 

AIRWAY 

Fig 4.— Two-rescuar cardlopulmonafy resuscitation 
• 5 ctifist compressions 

-Rate of 60/mlnuto 
-No pause for ventilatron 
« 1 lung Inflation 

-^fter each S compressions 
Hnterposed between compresalons 



Fig 6. — One-rescuer cardfopulmonary resuscftatiorv 

• 16 chest compressions (rate of 80/ minute) 

• 2 quick }ung inflations 



with the series of compressiona. The rescuer who had 
been compreasins then moves to the victim's head 
and interposes the next breadu 

If the victim's trachea has been intubated, lung in- 
flation is easier and con^ression rates up to 80 per 
minute can be used since breaths can be either inter- 
posed or superimposed followinar endotracheal intuba- 
tion. 

When there is only one rescuer, he must perform 
both artificial ventilation and artificial circulation us- 
infir a 16:2 ratio. This consists of twv very quick lung 
inftatioiia .after each IS chest eompressions (Fig 5). 
Because of the interruptions for lung inflation, the 
single rescuer must perform each series of 15 chest 
compressions at the faster rate of 80 ccympressions per 
minute in order to achieve an actual compression rate 
of 60 per minute. The two full lung inflations must 
be delivered in rapid succession, within a period of five 
to six seconds, without allowing full exhalation be- 
tween the breaths. If time for full exhalation were 
allowed, the additional time required would reduce the 
number of compressions and ventilations that could 
be achieved in a one-minute period. 

Infante and Children,— With a few exceptions, the 
cardiac compression technique ia similar for children. 
For small children, only the heel of one hand is used, 
and, for infants, wily the tips of the index and middle 
fingers are used. The ventricles of infants and small 
children lie higher in the chest and the external pres- 
sure should be exerted over the midstemum. The dan- 
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ger of lacerating the liver is greater in children be- 
cause of the pliability of the chest and the higher 
position of the liver under the lower sternum and 
xiphoid. Infants require one half to three fourths of 
an inch compression of the sternum; young children 
require three fourths to 1% inches, "pie compression . 
rate should be 80 to 100 per minute with breatiis de- 
livered' as quickly as possible after each five compres- 
sions. 

In infants and small children, backward tilt of the 
head lifts the back. A firm support beneath the back 
is therefore required for external cardiac compres- 
sion and can be provided by the rescuer slipping one 
hand beneath the child's back while using the other 
hand to compress the chest. A folded blanket or other 
adjunct can also be used beneath the shoulders to 
provide support. For small infanta, an alternate m^- 
od is to encircle the chest with the hands and com- 
press the midstemum with both thumbs. 

Checking Effectiveness of CPR. — The reaction of 
the pupils should be checked periodically during car- 
diopulmonary resuscitation, since this provides the best 
indication of delivery of oxygenated blood to the vic- 
tim's brain. Pupils that constrict when exposed to 
light indicate adequate oxygenation and blood flow to 
the brain. If the pupils remain widely dilated and do 
not react to light, serious brain damage is imminent 
or has occurred. Dilated but reactive pupils are less 
ominous. Normal pupillary reactiona may be altered 
in the aged and freqaentiy are altered, in any in- 
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Ftg 6.— Pracorcflaf thump 



dividual^ by the administration of drugs. 

The carotid pulse should ba palpated periodically 
during CFB in order to check the effectiveness of ex- 
ternal cardiac compression or the return of a spon- 
taneous effective heartbeat. This should be done after 
the first minute of GPR and every few minutes there- 
after, when additional rescuers are present and in* 
terruptions can be minimized. It should be checked 
particularly at the time of change of rescuers. 

Precordial Thump 

Continuing research and clinical experience have 
delineated a role for the precordial thump, but only in 
specific types of cardiac arrest cases. Recognizing both 
its limitations and usefulness, the Gouference recom- 
mends the precordial thump as a basic maneuver to 
be used by all levels of rescuers following the detection 
of pulselessness in adults in these cases: ' 
1. Witnessed cardiac arrest (basic life support) 
2» Monitored patient (advanced life support) 
8. Pacing known atrioventricular block (advanced 
life support). 

The effectiveness of the precordial thump in the irn- 
monitored patient or in an unwitnessed cardiac arrest 
has not been determined. Since the myocardium fre- 
quently may be anoxic tn these situations a specific 
recommendation for precordial thump cannot be made 
for them. At this time the precordial thtimp is not 
recommended for use on children. ^ 

In cases where the primary cause of cardiac arrest* 
is not hypoxia, auch as in a witnessed cardiac arrest 
or in a monitored patient, a single precordial thump 
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may be effective in restarting circulation and may re- 
verse certain' dysrhythmias if performed within the 
first minute after arrest. In those situdtions* an initial 
thump on the midstemum usinip the fist may be the 
first maneuver performed following the determination 
of pulselessness. 

Such a blow generates a small electrical stimulus in 
a heart that is reactive.. The thump may be effective 
in restoring a beat in cases of ventricular asystole due 
to block, and in reversing ventricular tachycardia, or 
ventricular fibrillation of recent onset. When neces- 
sary it may be possible to use the fist as a pacemaker 
in. some cases of heart block. When a series of chest 
thumps axe used for this purpose, the pulae should be 
palpated before each thump. 

The precordial thump is not useful for anoxic asys- 
tole and cannot bo depended upon to convert an estab- 
lished ventricular fibrillation, nor is it useful for elec- 
tromechanical dissociation associated with exsanguina- 
tion. It should not be used for a ventricular tachy- 
cardia that is providing adequate circulation. 

The precordial thump should be used to provide a 
stimulus to a potentially reactive heart. However, it 
is not a substitute for ^ective external cardiac com- 
pression. 

There are also hazards associated with the precor- 
dial thump. In cases of an anoxic heart that is still 
beating^ the low voltage stimulus may induce ventricu- 
lar fibrillation. In addition, persons who do not restrict 
themselves to the recommended single blow may delay 
starting effective CPR. 

In delivering the precordial thump, these rules 
should be followed: 

L Deliver a sharp, quick single blow over the mid- 
portion of the sternum, hitting VTith the bottom, fieshy 
portion of the fiat struck from 8 to 12 inches over the 
cheat. (See Fig 6.) 

2i. Deliver the thump within the first minute after 
cardiac arrest. 

S. If there is no immediate responae. begin basic 
life support at once. 

The precordial thump is integrated into the basic 
pattern of CPR differently, depending upon the cir- 
cumstances surrounding the cardiac arrest. The tech- 
niques for using the thump in cases of witnessed ar- 
rest or an arrest of a monitored patient are given 
below. ' 

Technique .for Wiin6ased Cardiae Arrest 

1. Tut the head to open the airway and simultane- 
ously palpate the carotid pulse. 

2. If the pulse is absent, give a precordial thump. 
8. If the victim is not breathing, give four quiclc, 

full lung inflations. 

4. If pulse and breathing are not immediately re- 
stored, begin one-rescuer or two-rescuer GPR. 

Technique for Monitored PaUent (For use with pa- 
tients who have sudden ventricular fibrillation [VP], 
asystole, or ventricular tachycardia [VT] without 
pulse.) 

. Standards for CPR and ECC 847 
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1. Give a sing^le precordial thump. 

2. Quickly check the monitor for cardiac rhythm 
and aimultaneousiy check carotid puJse, 

3. If there is ventricular fibrillation' or ventricular 
tachycardia without a pulse, counterahock as soon as 
possible. 

4. If the pulse is absent, tilt the head, give four 
quick, full lung inflations. 

5. Check the carotid pulse again. 

6. If ttie pulse is absent, begin one-rescuer or two- 
rescuer CPU. 

/* Tmist be emphasized strongly that no time should 
6e Utst m waiHng to assess the results of the vre- 
c^dtal thump or by deliveHng re^peated precordial 



Pitfalls in Performance of CPR 

When CPR is performed improperly or inadequately^ 
artificial ventilation and artificial circulation may be 
meffeetive in providing basic life support. Enumerated 
below are important points to remember in perform- 
ing exterjial cardiac compression and artificial ven- 
tilation, 

1. Do not interrupt CPE for more than five aec^ 
onda for any reason, except in the following circum-' 
stances. 

(a) Under emergency conditions, endotracheal 
intubation usually cannot be accomplished in five sec- 
onds. However, it is an advanced life support measure 
and should be performed only by those who are weU 
trained and well practiced in the technique and OTdy 
. after the victim has been properly positioned and all 
preparations made. Even under these circumstances, 
interruptions in CPR for endotracheal Intubation 
should never exceed 15 seconds. • 

(&) When moving a victim np or down a stair- 
way, it is difiicult to continue effective CPR. Under 
these circumstances, ii is best to perform effective 
CPR at the head or foot of the stairs, then interrupt 
CPR at a given -signal and move quickly to the next 
level where effective CPR is resumed. Such interrup- 
tions usuafly should not exceed 15 seconds. 

2. Do not move the patient to a more convenient 
site until he has been stabilized and is ready for 
transportation or until arrangements have been made 
for uninterrupted CPR during movement. 

8. Never cMapresa the xiphoid process at the tip 
of the sternum. The xiphoid extends downward over 
the abdomen. Pressure on it may cause laceration of 
the liver, which can lead to severe -internal bleeding. 

4. Between compressions, the heel of the hand must 
completely release its pressure but should remain in 
constant contact with the chest waU over the lower 
one half of the sternum. 

5, The rescuer's fingers should not rest on the vic- 
tim's ribs during compression. Interlocking the fingers 
of the two hands may help avoid this. Pressure with 
fingers on the ribs or lateral pressure increases the 
possibility of rib fractures and eostochondral separa- 
tion. 
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6. Sudden or jerking movements should be avoided 
when compressing the chest. The compression should 
be smooth, regular and uninterrupted (50% of the 
cycle should be compression and 60% should be re- 
laxation). Quick jabs increase the possibility of in- 
jury and producse quick jets of flow; they do not 
enhance stroke volume or mean flow and pressure. 

7. Do not maintain continuous pressure on the ab- 
domen to decompress the stomach while pprforming 
external cardiac compression. This may trap the liver 
and could cause it to rupture. 

8. The shoulders of the rescuer should- be directly 
over the victim's sternum. The elbows should be 
straight. Pressure is applied vertically downward on 
the lower sternum. This provides a maximaUy effective 
thrust, minimal fatigue for the rescuer, and reduced 
hazard of complications for the victim. When the 
victim is on the ground or floor, the rescuer can 
kneel or stand at his side. When he is on a bed or 
high-wheeled litter, the rescuer must be on a step or 
chair or kneeling on the bed or litter. With a low- 
wheeled ntter, the rescuer can stand at the victim's 
side. Problems arise with the use of low-wheeled lit- 
ters in ambulances. Special arrangements must be 
made for proper positioning of the rescuer based on 
the design of the ambulance. 

• 9. The lower sternum of an adult must be depressed 
1% to 2 inches by external cardiac compreasion. Lesser 
amounts of comf>ression are ineffectual since even 
properly performed cardiac compression provides only 
about one quarter to one third of the normal blood flow. 

10. While complications may result from irtiproperly 
performed external cardiac compression and precordial 
thumps, even properly performed external cardiac 
compression may cause rib fractures in some patients. 
Other complications that may occur with properly 
performed CPR include fracture of the sternum, eosto- 
chondral separation, pneumothorax, hemothorax, lung 
contusions, lacerations of the liver, and fat emboli. 
These complications can be minimized by careful at- 
tention to details of performance. It must be remem- 
bered, however, that during cardiac arrest, effective 
cardiopulmonary resuscitation is required even if it 
results in complications, since the alternative to effec- 
tive CPR is death. 

Special Resuscitation Sltifatfons 

Drowning.— Extensive research has' delineated the 
events and mechanisms of drowning and the detailed 
physiological variations between fresh water and sea 
water submersion. However, basic life support resus- ' 
citation procedures following drowning are the same 
as basic life support principles presented above, and 
CPR should be performed as quickly as possible. There 
are a few special considerations, given belqw: 

1. When attempting to rescue a drowning victim, 
the rescuer should get to him as quickly as possible, 
preferably with qome conveyance, such as a boat or 
surfboard. If a conveyance iis not available, 'a flotation 
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device should" be carried by the rescuer. The rescuer 
always must exercise care not to endanger himself 
while trying to aid a drowning person. 

2, External cardiac compression should never be 
attempted in the water because it is impossible to 
perform it there effectively. ' 

8. Mouth-to-mouth or niouth>to-nose ventilation may 
be performed in the water, although it is difficult ^nd 
often impossible in deep water unless the rescuer has 
some type of flotation device to support, the victim's 
he^d, 

4. Artificial ventilation always should be started as 
soon as possible, even before the victim is moved out 
of the watei:, into a boat or onto a surfboard.' A9 soon 
as the rescuer can" stand in shallow water he should 
begin artificial ventilation. 

5. In cases of susaected nec^c injury, the victim most 
be floated onto a back support before being removed 
from the water. If artificial respiration |s' reguirted, 
the routine head tilt or jaw thrust maneuvers should 
hot |)e used. Artificial ventilation should be accom- 
plished with the head maintained in a neutral posi^ 
tion and using a modified javr thrust maneuver (as 
described under "Accident Cases," p 843). 

8. When removed from the water, the victim should 
have standard artificial ventDation or cardiopulmonary 
resuscitation performed according to the standards 
previously described. 

7. Drowning victims swallow large volumes of water 
and their stomachs usually become distended. This 
impairs ventilation and circulation and should be 
alleviated as soon as possible. To relieve the disten- 
sion, the victim may be turned on his side and his 
upper abdomen compressed or he may be turned over 
quickly into the prone position and lifted with the 
rescuer's hands m^et the stomach to force water out. 
This is referred to as 'Waking" the victim. 

8. There should be no delay in moving the victim 
to a life support unit where advanced life support 
capabilities are available. Every submersion victim, 
even one v^o requires only minimal resuscitation, 
should be transferred to a medical facUity for follow- 
up care. 

Electric Shack. — Blectric shock may induce a varieiy 
of phenomena ranging from' the benign to the lethal. 
The outcome 4^end8 largely upon the amplitude and 
duration of contact with the current. Other than bums 
of varying severity and injuries due to falls, the • 
possible emergency events to .be recognized include: 

•1. Tetai^y of f^e musculature oif breathing, which is 
usually confined to the duration of the ^ock but may. 
produce secondary cardiac arrest if the tetanizing 
shock is of a prolonged duration. 

2. Prolonged paralysis of respiration, which may 
result from a massive convulsive phenomenon and naay 
last for minutes after the ^hock current has termi- 
nated. 

3. Ventricular fibrillation or other serious cardiac 
arrhs^thmias (such as runs of premature ventricular 
contractions or ventricular tachycardia that may prog- 
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ress to ventricular fibriUation) produced by low voltage 
currents (110 to 220 v) sustained for^ several seconds. 

The prognosis for vittims of electric shocks is not 
predictable easily since the amplitude, and duration of 
the charge usually are not known. Failure of either 
respiration or circulation is likely to result. 

After safely clearing a victim from an energized 
object, the rescuer " should determine his cardiopul- 
monary status immediately. If spontaneous respira- 
tion or circulation is absent, the technique of cardio- 
pulmonary resuscitation outlined in this statement 
should be initiated. 

In cases where electric shock occurs on a public 
utility pole, a precordial thump should be delivered 
and mouth-to-mouth ventilation started at onc^. The 
victim must tkeri be lowered to the ground as quickly 
as possible. CPR is only effective when performed on- 
a victim in the horizontal position," 

Be^nnihg and Terminating Basic Life 9uj^rt 

CPR is most' effective when started immediately 
after cardiac arrest. If cardiac arrest has persisted 
for more tban ten minutes, cardiopulmonary resusci- 
tation is unlikely to restore the victim to his pre- 
arrest central nervous system status. If there is any 
question of the exact duration of the arrest, the vic- 
tim should be given the benefit x>f the doubt and 
resuscitation started. 

Basic life support is not indicated for a victim who 
is knpwn to be in the terminal stages of an incurahle 
condition. When resuscitation is indicated and started 
in the absence of a physician, it should be continued 
until one of the following occurs: 

1. Effective spontaneous circulation and ventilation 
have been restored. 

2. Resuscitation efforts have been transferred to 
another responsible person who continues basic life 
support. . * 

3. A physician assumes responsibility. 

4. The victim is transferred to properly trained and 
designated professional medical or allied health per- 
sonnel charged with responsibilities for emergency 
medical services. 

. 5. The rescuer is exhausted and unable to continue 
resuscitatiQn- 

The decision to stop reauscitative efforts is a medi- 
cal one. (See sections on "Advanced Life Support" and 
"Medicolesal Considerations.") 

Training and Certiflcatfon In 
Basic Life Support 

Artificial Ventilation Only. — ^Every effort should 
be made to teach artifidal v^tilation to all members 
of the general public. Training the entire population 
should be accomplished through" American National 
Red Cross courses, as well as through schools, YMCA's, 
clubs, local groups, and medical, paramedical and rescue 
organizations. All school children should be required to 
have annual training in artificial Ventilation beginning 
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in the fifth grade, and a major national effort should 
be mounted to achieve this objective in the shortest 
possible time.. 

The Conference further recommends that training 
should be provided by courses conducted by trained- and 
certified instructors according to the - technique de- 
scribed above and in accordance with the training 
standards pf the American Heart Association. For opti- 
mum results, training shouJd include such media as 
lectures, demonstrations, posters, slides, and movies. 
Actual practice on training manikins is 'required to 
assure efficiency of performance/ Acceptable manikins 
must simulate obstruction of the airway when the 
head is not- tilted back maximally, allow mouth-to- 
mou'th and mouth-to-nose ventilation, and simulate 
ri^e of the chest when the lungs are inflated. Training 
should be to a level of demonstrated proficiaicy ir\ 
mouth-to-mouth and mouth-to-nose Tesuscitation on 
adult manikins and naouth-to-mouth-^nd-nosp resuscita- 
tion on infant manikins. 

Basic Life Support — CPR is an emergency proce- 
dure that requijres special training both to recognize 
cardiopulmonary arrest and to perform artificial ven- 
tilation and artificial circulation. In order to ensure 
the wiliest possible benefits of its application, pro- 
giams should be started to train the genera] public 
in basic life support according to the ■ recommended 
American Heart Association standards. Initially, 
groups wilh the greatest need such as poUc^en, 
firemen, rescue workers^ lifeguards, high-risk industry 
workers, and families of cardiac patients may receive 
preference, but the goal shotild l)e to train tiie general 
public, starting with school children' at the eighth 
grade level. 

ISasic life support training of the public should be 
under the auspices of the American National Red» 
Gross, the YMCA, and comparable volimteer and pubr 
lie service agencies concerned with savingr lives. Train- 
ing programs must adhere to the standards of the 
American Heart 'Asso<?iation. These agencies should 
participate in. training' CPR instructors to teach basic 
life support and in certifying allied health personnel 
and noiunedieal groups, public specialty groups, school 
children, and other segments of the population accord- 
ing to the training and performance standards of ihe 
American Heart Association as recomlnended by the 
National Besearch Council. 

In additioji to lectures, demonstrations, and films, 
actual practice and demonstration of proficiency in 
both the ventilatory and .the circulatoi^ components 
of cardiopuhnonary resuscitation are required on train- 
ing manikins. CPR cannot be iaa^ht or practiced on 
conscious or unconscious hninan subjects. 

Manikins used in CPR training iprbgrams 'must pro- 
vide (a) airway obstruction when the neck is flexed, 
(b) cifectiye chest movement as a iresult of proper 
lung ventilation via mouth or nose, and (c) adequate 
movement of the sternum as a result of properly ap- 
plied external cardiac cpmpression against resistance. 
In addition, it is desirable for training device's to 
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provide a siniulated carotid pulse and an objective 
means (lights, gauges, strip chart) by which the stu- 
dent or instructpr can determine adequacy of lung 
inflation arid chest cpmpression and misialces in hand 
position. Palpation of the actual carotid pulse should 
aiso be practiced on other trainees. 

To simplify instruction in basic life support, initial 
training should cover the recommended A-B-C sequence 
used for an unwitnessed cardiac arreat. When the 
trainee understands and can perform this effectively, 
further instruction should include use of precordial 
thump for witnessed cardiac arrest and for monitored 
patients. 

Certification in CPR. — ^The purpose of certification 
is, as far" as possible, to maintain adherence "to uni- 
form national standairds established or recognized by 
the American Heart Association. Certification will be 
accomplished through the use of national cognitive 
(written or oral) and performance examinations. Re- 
ceipt of - certification will be CQutingent on satisfactory 
completion of such examinations and will indicate 
that the person certified was found to be qualified at 
the time of ex^ination to perform and/or teach those, 
and only those, emergency techniques indicated by the 
certifying individual or agency.' The process of train- 
ing, cerlification, and rece):tification is intended to de^ 
velop and maintain a mechanism- for emergency j^ardiac 
care and resuscijtation ti^t Is both broadly available 
and uniformly effective, in a manner mosb consistent- 
with the public interest and safety. Certification does 
not imply tliat the American Heart Association or any 
designated certifying individual or agency either war- 
rants or assumes responsibility for the performance 
of individuals subsequent to their certification. 

An initial coiupse leading to certification in CPR 
should be. for small grqups and should include didactic 
presentations and suflicient supervised, intensive mani- 
kin practice for every student to become proficient in 
detecting breathlessneps and pulselessness and in per- 
forming the sequential steps of rescue breathing and 
external cardisic compression. Both pne-rescuer and 
two-rescuer (JPR should be practiced. 

Periodic recertification or refresher courses that 
include retesting on manikins are required for all 
personnel, including instructors. The exact frequency 
for such recertification may need to be regulated on 
the basis of the professional skill and experience of 
particular groups. At present, suggested requirements 
for nonmedical groups are recertification one year from 
the initial course and then at least every three years 
thereafter, or more frequently where indicated. 

CPR Instructors^ — CPR instructors should be highly 
motivated individuals who represent special or or- 
ganized groups in the community in which they will 
provide CPR training, have a background in or the 
capability for teaching, have an interest in or a rele 
in the ddivery of CPH, haye completed an initial CPR 
course, and have successfully completed the CPR in- 
structor's course according to American Heart Asso- 
ciation standards and have a yalid instructor's cer- 
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tificate. 

Certification of instructors will indicate that the 
reciiJient has passed the examination for instructor 
certification as defined elsewhere in this statement, 
and it TyilJ authorize the holder to conduct CPR courses 
according to standards of the American Heart Aasor 
ciation. Certification of instructor? is not intended to 
imply that the Anaerican Heart Association or any 
Qther certifying agency warrants or assumes respon- 
sibility for the performance of individuals trained by 
such certified instructors. 

Certification of instructors is valid for a specified 
time and must renewed periodically. If instructors 
are. actively engaged in CPR instruction' or perform^- 
ance and are familiar with new techniqaes, they inay 
be recertified after review by local certifyingf authori- 
ties. If they are not actively- enfiraged m training; they 
should ^ttend a recertification course as detailed iabove. 

Conference Recommendation^.— ^The Conference 
recommends that CPR training be given to all eighth 
grade pupils and that it be repeat^ each year through 
high school. Additional pilot studies. are i^aquired 
determine the eff ectiven^s of newer training methods. 

The Conference mandates that CPB courses be re- 
auired as part of the curriculum of all medical, dental, 
nursing, osteopathic, respiratory therapy, and other 
allied health schopls. In order to implement this, the 
Association of American Medical Colleges should be 
made aware of this requireihent so that all schools 
Include -instruction in basic life support and require a 
(Jemoiistration of proficiency in performance of this 
technique as part- of their curricula. 

The Conference recommends that every hospital with 
acute care facilities must assign to a specific committee 
the responsibilities for providing GPR .teams on a 2^ 



hour-per-day basis and that they be capable of per- 
fonning CPR apd all .aspects of emergency life sup- 
port. The GPR or emergency life support team should 
consist of nurses, technicians, respiratory therapists, 
house staff, and on-caill attending staff. Wherever pos- 
sible, the GPR hospital ecnunittee should be composed 
of, at least, a surgeon, a cardiologisty ah anesthesiolo- 
gist, ah ihrservice nurse, and an administrator. The 
conmiitt^e should be responsible for providing a 
written plan o£ action (protocol), CPR training and 
practice sessions, and a record .of CPR bccarrenees . 
available for periodic audit and review^ 

The Conference reconamends that all nurses and 
physiciana> including house staif, sliould be competent 
in all phast^ of CPR, To accomplish this, it is reeom- 
niendsd tha^; all hospitals require that, for annual staff 
reappointment, all physicians must either : 

1. Demonstrate proficiency in basic life support 
through participation in actual resuscitation efforts 
or in teaching CPR to others/ or 

2. Agree to attend an approveql training or retrain- 
ing course offered by tlie hospital or their local heart 
association, « 

All hospital medical and nursing emergency depart- 
ment personnel raiuat be trained and certified in basic 
and advanced life support, and all allied' health per- 
sonnel must be trained in basic life support. 

The Conference further recommends that all hospi- 
tals and all state boards of health, divisions of hos- 
pital licensing, change their rules to conform to the 
above requirements and that they be included in the 
standards for hospital accreditation by the Joint Com- 
mission on Accreditation of Hospitals and as a stated 
policy of the American Hospital Association. 
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Part III.— Advanced Life Support 



- As used in this statement, advance^ life support 
consists of the following elements: 

X. Basic life support. 

2. Using adjunctive equipment and special tech- 
niques, such as endotracheal Intubation an4 open chest 
internal cardiac compression. 

8. Cardiac monitoring for dysrhythmia recognition 
and control* , 

4. Deflbrillating, 

5. EstabliBhing and maintaining an intravenous in- 
fusion lifeline. 

6. Employing definitive therapy, including drug ad^ 
ministration (a) to correct acidosis and (&) to aid in 
establishing and maintaii)ing an effective cardiac 
rhythm and circulation. 

7. Sta}>ilizatipn of the patient's condition. 

In some cases, advanced life support inchides trans^ 
portation that has (a) communication to ensure con- 
tinuity of care and <&> the capabiliiy of constant 
monitormg and life support uhtil the patient has been 
transported i£nd admitted to a continuing care f acility* 

Advanced life support may be provided either by 
nonmobile life support units or by mobile life support 
units. Each unit must be staffed with highly trained 
personnel and specialized equipment in order to deliver 
the quality' pf care demanded by the criteria listed 
above. Each of these elements of advanced life sux>- 
port includes various components as described below. 

Basic Life Cfupport 

All approaches to advanced life support mu^t in- 
clude a well-established basic life support capability, 
as described in Part II, "Basic Life Support," and 
illustrated in the frontispiece and in Fig l.. Life Sup- 
Ifort Decision Tree. 

Adjunct Ive Equipment and 
' Special Tectinlquas 

A^unctive equipment is not essential for cardio- 
pulmonary resuscitation* It may be naed when it be- 
comes available, but only by specialized personnel who 
fiaye had adequate training witb the specific devices 
to be used. Basic life support should not be delayed 
while awaiting esuipment» nor should use of equip- 
ment result in diverting attention or effort from basic 
resuscitatiye pleasures. When considering adjunctive 
eqnipm^t, it mndk be Temenib.ered that personnel 
must he trained to a level of demonstrated pifoiidiency 
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in the use of adjunctive equipment, even equipment 
of a relatively simple nature. In addition, adjunctive 
equipment must be tested periodically for satisfactory 
performance according to prescribed regulations! Ade- 
quate records of such tests also must be maintained. 

Adjuncts for Airway and Ventilation 

Oxygen. — Supplemental oxygen . should be used as 
soon as it becomes available. Kescue breathing (exhaled 
air ventilalaon) will' deliver ^bout 16% to 1*1% oxygen 
to the patient. Ideally, this will produce an alveolar 
oxygen tension of 80 torr. However, becaiase of the 
low cardiac output (targe arteriovenbus O2 gradient) 
associated vnth external cardiac comipression and the 
presence of intrapulmQifazy shunting and ventilation- 
perfusion abnormalities, marked discrepancies will oc- 
cur between the alveolar and arterial, oxygen tension 
and hypoxemia may ensue. Itypoxemia leads to anaer- 
obic n^etabolism and metabolic a(4dos]S, which fre- 
quently impair the beneficial effect^ of ch^ical and 
electrical therapy. 

Because , of this, the Conference recommends that 
supplKtnental oxygen always be used when bag-valve^ 
mask or bag-valve-tube systems are used. Thia ^11 
enhance myocardial and cerebral oxygenation that is 
essential for successful resuscitation. 

Oropharyngeal Airway, — Oropharyngeal airways 
should be use4 whenever a bag-valve-mask system or 
automatic breathing device with mask is used,, but 
only if done by an individual properly trained in their 
use; Airways should be used only on deeply uncon- 
scious persons. If introduced into a cons^ous or stu- 
porous person, they may promote vomiting or laryn- 
gOBpasm. Care is required in the placement of the 
axirway because incorrect insertion can displace the 
tongue back into the pharynx and produca airway ob- 
struction. Oropharyngeal airways should be available 
in infant, child, and adult sizes. Nasopharyngeal air- 
ways also may be used for adults. As with all adjunc- 
tive equipment, explicit training and practice .is re- 
quired for their use. 

S'Tube, — ^Numerous S-tube airway adjuncts are 
available. They range from simple tubes with mouth- 
pieces and bite blocks to more elaborate devices with 
valves. Despite many different designs, they share 
certain limitations. 

S-tubes 

1. Do not provide as effective an airway seal as 
direct moath-t<Htaouth' or mouth-to-mask ventilation. 
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2. Do not reduce potential traxusmission of infection. 

3. Heqaire trai^aing for safe and eifective use. 

4. Inducse vomiting if used improperly. 

5. Require the single rescuer to move to the victim's 
head and reposition the S-tube to inflate the lungs 
between cheat compressions. 

S-tubes do offer usaful features, such as 

1. Overcoming aesthetic problems of direct mouth- 
to-mouth contact. 

2. Assisting in maintaining a patent airway. 
S. Keeping the mouth open. 

However, it is generally found that direct mouth-to- 
month or mouth-to-mask ventilation provide more ef- 
fective artificial ventilation. 

Masks. — ^Well-fitting masks have proven to be an 
effective, simple adjunct available for use in artificial 
ventilation by medical, allied health, and nonmedical 
personnel. Manikin practice with masks should be re- 
quired for all personnel who are likely to use a mask 
for mouth-to-mask ventilation. The mask may be a 
standard anesthesia mask or a folding pocket mask 
and should have the following characteristics : trans- 
parent materia], well-seaUng cuff, headstrapa, oxygen 
insufflation inlet, 15 mm/22 -mm coupling size, and 
availability in one average size for adults and addi- 
tional sizes for infants and children. The mask is most 
effectively used when the rescuer positions himself at 
the top of the patient's head and uses the Jaw thrust 
maneuver, as described on page 841, 

Bellows Devices. — ^Bellows devices are ineffectual for 
providing artificial ventilation. The- Conference con- 
demns all ventilation bellows that have been made com-* 
merdally available. All of them suffer a common design 
flaw so that even professional rescuers cannot provide 
adequate lung ventilation when applying downward 
or sideward compression with a bellows. Bellaws de- 
vices should not be used for resitscitatum. 

Bag-Vahe-^Mask Devices. — ^When bag-valve-maek 
units are used, they usually provide leas ventilatory 
volume than mouth-to-mouth* or mouth-to-mask venti- 
lation becaase of the difficulty in providing a leakproof 
seal to the face while maintaining an open airway. 
For this reason, the manually-Operated, self -inflating 
bag-valve-mask units can be used effectively only by 
well-trained and experienced medical perscntiel, such 
as anesthesiologists. 

. Extensive specialized training and demonstrated con- 
tinuing proficiency is required -^vith the bag-valve-mask 
device. The rescuer must position himself at the top 
of the victim's head. He then must maintain the head 
in extension, keep the lower jaw elevated, and secure 
an optimum mask fit with one hand while using the 
other hand to squeeze the bag. Attempts have been 
made to achieve effective ventilation with these devices 
by using two rescuers, cne to hold the mask and one 
to squeeze the bag, but this is an awkward procedure. 

Because of this difficulty rn using the bag-valve-mask 
unit, the Conference recommends that these devices 
be used only when the patient has a cuffed endo- 
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tracheal tube or k cuffed esophageal obturator airway 
inserted. Either of these tubes vtrill ensure delivery 
• of an adequate volume of oxygen-enriched atmosphere 
and will prevent gastric insulflation and aspiration of 
stomach contents. When an endotracheal tube or esoph- 
ageal obturator airway is used the rescuer may 
position himself at the victim's side. When a mask is 
used, the rescuer always should position himself at 
the top of the victim's head and not at his side. 

An adequate bag-valve-mask unit should fulfill these 
criteria: 

1. Self-refilling, but without sponge rubber inside 

because of difficulty in cleaning, disinfecting, elimi- 
nating ethylene oxide, and fragmentation. 

2. Non-jam valve system at 16 liters/minute oxygen 
inlet flow. 

3. Transparent, plastic face mask with an air-iined 
or contoured, resilient cuff. 

4. No pop-off valve, except pediatric models, 

5. Standard IB mm/22 mm fittings. 

6. System for deKvery of higb concentrations of 
oxygen through an ancillary oxygen inlet at the back 
of the bag or via an oxygen reservoir. 

7. True nonbreathing valve. 

8. Oropharyngeal airway. ^ 

9. Satisfactory for practice on manikinB. 

10. Satisfactory performance under all common en- 
vironmental conditions and extremes of temperature. 

11. Available in adult and pediatric sizes. 

Esophageal Obturator Airway. — ^The esophageal ob- 
turator airway is a recent innovation in the manage- 
ment of cardiac arrest patients. It appears to be a 
useful airway adjunct, but its future role remains 
to be determined. The airway consists of a cuffed 
endotracheal tube mounted through a face mask and 
niodified with a soft plastic obturator blocking the 
distal orifice and multiple openings in the upper one 
third of the tube at the. level of the pharynx. It is 
passed into the esophagus. The mask then is seated on 
the face and the cuff inflated. When mouth-to-tube or 
bag-valve-tube ventilation is performed, the air is dis- 
charged throiJgh the pharyngeal openings in the tube 
and passes down the trachea since the esophagus is 
blocked. This prevents gastric distension and regurgi- 
tation during resuscitation. The esophageal obturator 
airway should only be inserted in patients who are 
not breathing or who are deeply unconscious. 

The potential advantages of the esophageal obtura- 
tor airway are that no visualization is required for 
introduction and that it can be introduced more easily 
and quickly than an endotracheal tube. In a large 
series of cardiac arrest cases, the airway has been 
shown to be used successfully without injury to the ' 
esophagus when used by professional allied health per- 
sonnel who had been trained in its use on intubation 
manikins and unconscious patients.*^ However, the po- 
tential for damage to the esc^hagUB is. ever present 
unless use of the airway is restricted to adequately 
traijxed individuals. \ 
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Bemoval of the esophsfireal airway frequently is fol- 
lowed by immediate reGrur^ritatiozi. In order to cope 
with this, the airway shoald not be removed ontil the 
patient is conscious and breathing or has a return of 
reAexes. When it is to be removed, the patient should 
be turned on his side and adequate suction should be 
available. It is also possible to pass a nasogastric tube 
around the esophageal tube and decompress the 
stomach prior to removing the esophageal tube. A 
standard cuffed endotracheal tube can be introduced 
into the trachea prior to removal of the esophageal tube. 

Endotracheal Intubation, — Oxygenation of the lungs 
by exhaled-air methods or by simple airway adjuncts 
should always precede attempts at tracheal intuba- 
tion. Adequate lung iniiations interposed between ex- 
ternal cardiac compressions require high pharyngeal 
pressures. These pressures promote gastric distension, 
which elevates the diaphragm and interferes with ade- 
quate lung inflation. This distension promotes regurgi- 
tation, with the potential hazard of aspiration of gastric 
contents into the lungs. Therefore, the trachea should 
be intubated as soon as practical by trained personnel. 
This isolates the airway, keeps it patent, prevents as- 
piration, and assures the delivery of a high concentra* 
ticn of oxygen to the lungs. With a cuffed endotracheal 
tube (or esophageal obturator airway), it is easier 
to provide adequate ventilation since it is not neces- 
sary to. Interpose breai^s as with direct mouth-to- 
mouth, mouth-to-maak, or bag-valvermask techniques. 
It then becomes possible to use a faster, uninterrupted 
chest, compression rate of 80 per minute and provide 
better artificial circulation. 

Because of the difficulties, delays, and compHcationtf 
in properly placing an endotracheal lube, its use should 
be restricted to medical personnel and professional al- 
lied health personnel who are highlty trained and either 
use endotracheal intubation frequently or are retrained 
frequently in this technique. 

The indications for endotracheal intubation include: 

1. Cardiac arrest 

2. Respiratory arrest 

3. Inability of rescuer to ventilate the unconscious 
patient with conventional methods , 

4. Inability of the patient to protect his own airway 
(coma, areflexia), or 

6. Prolonged artificial ventilation. 

The Conference recommends that, all emergency de- 
partment training programs and equivalent programs 
give satisfactory trainibg to all professional personnel 
in the safe and effective introduction of endotracheal 
tubes. 

Endotracheal tubes should be available in various 
sizes. They should have standard X5 mm/22 mm fit- 
tings, be provided with a stylet, be cuffed for adults 
and older children, and be uncuffed for infants and 
small children. The recommended sizes for endo- 
tracheal tubes are given in Table 1. 
Oxygen^Powered Mechanical Breathing Devicez: 
Conventional Pbessube-CycIiEd Automatic Sesus- 
CITATORS (IPPB respirators, positive-negative pressure 



Table 1, — Recom mended Sizes for EndotracheaJ Tubes 
and Suction Catheters* 





Endotracheal 






Tube 


Suction 




(Interns ( Dlamoter) 


Catheters 


Newborn 


3.0 mm 


6Fr. 


6 months 


3.5 mm 


8Fr. 


tS months 


4.0 mm 


SFr. 


3 years 


4,5 mm 


BFr. 


S years 


' 5.0 mm 


10 Fr. 


6 years 


5.5 mm 


. 10 Fr. 


8 years 


6.0 mm 


10 Fr. 


, 12 years 


e.5 mm 


10 Fr. 


16 years 


7.0 mm 


10 Fr. 


Aduit [Female} 


8.0-8^ mm 


12 Fr. 


AduU (Mala) 


8,5-9.0 mm 


14 Fr. 



*One size larger and one size amaller should be eUowed for Indi- 
vidual variations. 



reauscitatorg, resuscstators-inhalators) should not be 
used in conjunction with external cardiac compression 
because effective external cardiac compression prema- 
turely triggers termination of the inflation cycle ao 
inadequate ventilation resulta. These devices are com- 
plex, difficult to ussj more costly, and relatively less 
effective even for artificial ventilation alone, than 
oxygen-powered ventilation devices that are manually 
triggered (time-cycled). 

Hanuauly Triggered (Time-Gycleid) Devices are 
easier to use eff eetively. They have high instantaneous 
flow rates that allow them to be . used for artificial 
ventilation alone. The devices also 'allow breaths to 
be interposed between compressions during OPR. Most 
will function as inhalators too» for patients who are 
breathing spontaneously but require oxygen. 

Manually triggered, oxygen-powered reauscitators . 
should be able to 

1. Provide instantaneous flow rates of 100 liters/ 
minute or more and an inspiratory pressure safety 
release valve that opens at 50 cm of water, although 
it is recognized that this high instantaneous flow rate 
usually will result in gastric distension unless a cuffed 
endotracheal tube or coifed esophageal obturator air- 
way is used. 

2- Provide 100% oxygen. 

8. Operate satisfactorily under environmental condi- 
tions, including all temperature extremes found in 
North America. 

They alao should have the following minimum design 
criteria : 

1. A standard 15 mm/22 mm coupling for mask, 
endotracheal tube, esophageal airway, and trache- 
ostomy tubes. 

2. A rugged, breakage-resistant mechaziica! design 
that is compact and easy to hold. 

3. A tHgger positioned so that both hands of the 
rescuer can remain on the mask to hold it in position 
while supporting and tilting the head and keeping the 
jaw elevated. 
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SucUm Pevtcsff.— Portable and installed suction 
equipment should be available for resuscitation eraer- 
arenciea. The portable unit should provide vacuum and 
flow adequate foi- pharyngeal suction. It should be 
fitted with large-bore, non-krnldnsr suction tubing and 
semirigid pharyngeal suctioji tips. There should be 
multiple sterile suction catheters of various sizes for 
auctioning via endotracheal or tracheostomy tubes, a 
nonbreakable collection bottle, and a supply of water 
for rinsing tubes and catheters. 

The installed' suction unit should be powerful 
enough to provide an air-flow of over SO.jiters/nunute 
at the end of the delivery tube and a vacuum of over 
300 mm Hg when the tube is clamped. The amount of 
suction should be controllable for use on children and 
intubated patients. 

There should be an additional set of rigid pharyngeal 
suction tips (tonsil suction tips) and sterile curved 
tracheal suction catheters of various sizes. For trachea] 
suction, a Y- or T-piece, or a lateral opening, should 
be between the suction tube and suction source for 
on-ofF control. The suction yoke, coUection bottle, mter 
for rinsing, and suction tube should be readily acces- 
sible to the attendant at the head of the litter. The 
tube should reach the airway of any patient, regard- 
. less of his position. Suction apparatus must be de- 
signed for easy cleaning and decontamination. 

Nasogastric Tube for GaaMe Dectmvreasioh. — It is 
pref^ble to insert a nasogastric tube after the air^. 
way has been isolated by endotracheal intubation. How- 
ever, if gastric distension interferes with adequate 
ventilation, a nasogastric tube may be inserted at an 
earlier time by trained medical, nursing, or authorized 
allied health personnel. Sbctemal cardiac compression 
should not be interrupted during this procedure. 

Adjuncts for Artificial Circulation 

Bedboard, — Cardiopulmonary resuscitation should 
be performed at the site where the victim was found, 
whether inside or outside the hospital. If the cardiac 
arrest occurs in a hospital bed, a firm support should be 
provided beneath the patient's back when CPR is per- 
formed. A simple serving tray or support of comparable 
size is useful but not best. To provide proper support, 
a bedboard that extends from the shoulders to the 
waist and across' the full width of the bed should be 
available. Spineboards should be used for ambulance 
services and mobile life support units. Spineboards 
also are useful for extricating and immobilizing vic- 
tims. They may be used directly on the floor of the 
emergency vehicle or on a wheeled litter. 

Manual Chest Compressors. — Simple, hinged, man- 
ually operated mechanical chest compressors can be 
used for effective external cardiac compression. They 
should provide an adjustable stroke of 1% to 2 inches 
and be able to be applied with interruptions !n manual 
CPB of no longer than five seconds each. These com- 
Pz*essors are inexpensive and make it easier for an 
individual to provide prolonged, effective external 
cardiac compression. 
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Automaiio Chest Covipressors. — Optimum manage- 
ment of persons with cardiac arrest is obtained when 
the definitive therapy required to restore spontaneous 
circulation and to stabilize the victim is available at 
the site of the arrest, prior to any transportation that 
may be necessary. When this is not possible, the use 
of an automatic mechanical device provides the most 
consistently effective cardiopulmonary resuscitation 
during transportation or prolonged resuscitation. When 
such devices are used, external cardiac compression al- 
ways must be started with the manual method first. 
Physicians and other medical personnel who will be 
using the automatic equipment must have careful and 
extensive training and manikin practice in the manual 
method, the mechanical method, and the proper tech- 
nique for changing from one to the other without 
interrupting CPR for more than 5 to 10 sa»)nds at 
any one time. A well-trained and coordinated team of 
persons is necessary to use the compressor. 

These devices eliminate the operator fatigue that 
caiises variations in cardiac output, and they provide* 
simultaneous ventilation with high oxygen concentra- 
tions. While these devices afford more regular and 
unmterrupted CPR, they have the following, limita- 
tions: 

1. They are relatively heavy and diificult to move 
because of their associated oxygen tanks and com- 
ponents. 

2. They may be difficult to use without accidentally 
displacing the plunger while moving a victim up and 
down stairs or on .a steep incline. 

S, The use of commercially available models is lim- 
ited to adults. 

Compressor-ventilators should be employed only with 
a cuffed endotracheal tube, esophageal airway, or, if 
used with a mask, only by well4rained and experi- 
enced personnel. Their performances should be com- 
parable to that recommended for the manual method. 

Internal Cardiac Compression 

Internal cardiac compression is indicated in certain 
conditions where external cardiac compression may foe 
ineffective. These circumstances include penetrating 
wounds of the heart and other internal thoracic in- 
juries, cardiac tamponade, tension pneumothorax wilfch 
mediastinal displacement, chest or spinal deformities, 
and severe emphysema causing barrel-type chest. If it 
is suspected or can be determined that any of these 
conditions is present^ or, if closed chest cardiac com* 
preaaion does not appear to establish sufficiently effec- 
tive artificial circulation, open chest internal cardiac 
compression may be perfornied in conjunction with ' 
artificial ventilation. 

Open chest cardiac compression should only be per- 
formed by a physician wi^ the necessary skill, equip- 
ment, and f acilitiea. In this procedure* a thoracotomy 
is performed through the left fifth intercostal space 
and the pericardiarsae is opened to' allow direct manual 
cardiac compression. - 

Gases of crushed chest or fiail chest may require 

. Standards for CPR and ECO tSi 
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only effective artificial ventilation. If there ia cardiac 
arrest so that artificial circulation also is required out- 
aide of a hospital, external cardiac compression may be 
used -with the recognition that, while it may compound 
internal injuries, it represents the only alternative to 
certain death. 

• If a tension pneumothorax is anapeeted in an emer- 
gency situation, a large bore needle may be inserted 
on the side of the pneumothorax through the second 
intercostal space 2 inches from the midline. If the 
diagnosis is confirmed, this should be replaced with 
a cheat tube and. valve or an underwater seal drainage 
as soon as possible. 

In traumU cases, especially chest trauma, it may he 
very difficult to detect evidence of circulatory activity. 
Special efforts, including 'palpation t)f femoral and 
carotid pulses and auscultation for heart sounds^ may 
be required to determine the cardiac status, individ- 
uals who deal frequently with serious trauma cases 
should be trained thoroughly in GPB and its possible 
complications. 

Cardiac Monitoring 

Electrocardiographic (ECG) monitoring should be 
established immediately on all patients who present 
symptoms of suspected heart attack or sadden collapse. 

Most sudden deaths following acute myocardial In- 
farction are due to electrical derangement of the 
rhythm of the-heart (dysrhythmias). Susceptibility to 
electrical derangement is greatest immediately fol- 
lowing and several honrs after myocardial damage or 
severe ischemia. It is during this critical and onstable 
period l^at patients should be under contznuaus and 
critical monitoring. 

Although* rhythm changes may occur abruptly and 
without warning, potentially lethal situations usually 
can be prevented by e^ly detection and prompt 
treatment. 

Each person providing advanced life support must 
i have adequate training and testing to establish hia 

capability of dysrhythmia detection and treatment. 
Once, trained, his conapeteney must be reenf orced and 
examined continually. This can be accomplished 
though regularly scheduled assignment to hospital pa- 
tient care, such as in the emergency department, coro- 
nary care unit^ intensive care unit, or operating room, 

EGG monitoring is a vital step in the prevention of 
• cardiac arrest in patients with acute myocardial infarc- 

tion. Personnel providing advanced Iffe support must 
be familiar with monitoring equipment, including its 
problems and artifacts. They also must be capable of 
recognizing, at a minimum, the following electrocardio- 
graphic dysrhsrthmias : 

1. Cardiac standstill (ventricular asystole). 

2. Bradycardia (rate of leas than 60 per minute). 

3. The difference between supraventricular and ven- 
tricular rhythms. 

4. Premature ventricular contractions (frequency, 
multifocal, and R on T). 

5. Ventricular tachycardia. 
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6. Ventricular fibrillation. 

7. Atrioventricular blocks of all degrees. 
8; Atrial fibrillation and flutter. 

In addition to recognizing these dysrhythmias, all p&t- 
sonnel mjist be familiar with the potential dangers 
inherent in each waveform and with the therapeutic 
regimen that is required when any one of them is 
present. 

In situations in which the initial emergency prob- 
lem is a cardiac arrest, CPR atepa and techniques out- 
lined under "Basic Life Support" should be initiated. 
As quickly as possible thereafter, EGG electrodes 
should be applied. For this purpose, a monitor-defibril- 
lator with combination ECG electrodd-defibrillator pad- 
dles is recommended. These ECG electrode-defibrillator 
paddles are applied to the chest and an immediate 
determination of the cardiac rhsrthm may be made. 

If ventricular fibrillation is present^ defibrillation 
should be immediate. (See section on "Defibrillation.") 

If there is a relatively regular ECG rhythm, pulse 
and blood pressure should be checked immediately to 
determine if electromechanical dissociation is present. 

If the rhythm and circulation are satisfactory, oxy- 
gen should be administered, an intravenous lifeline 
established, and regular EOG electrodes appHed for 
continuous monitoring. 

Drugs, as indicated in the section on ''Drugs and 
Definitive Therapy," should be used to maintain a 
stable cardiac rhythm and adequate circulation. 

Monitoring and supportive therapy should be con- 
tinued in situations where communications must be 
established to transfer the patient. 

DeffbrHIatfon 

Defibrillation produces a simultaneous depolarization 
of all muscle fascicles of the heart, after which a 
spontaneous beat may resume if the myocardium is 
oxygenated and not acidotic. Direct current defibril- 
lator shocks should be delivered as soon as possible 
when the heart is known to be in ventricular fibrilla- 
tion. Countershocks also are indicated on an emergency 
basis in the presence of ventricular tachycardia with- 
out a peripheral pulae. It has not been demonstrated • 
that defibrillation is useful in cases of ventricular 
asystole, although it is sometimes used when it is 
impossible to be sure whether the heart is in a fine 
ventricular fibrillation or true ventricular standstill. 

For defibrillation, the standard electrode position 
always should be used: one electrode just to the right 
of the upper sternum below the clavicle and the other ' 
electrode just to the left of the cardiac apex or left 
nipple. Standard electrode paste may be used but 
saline-soaked four by four gauze sponges ore also 
excellent conductors. The sponges may be applied rap- ; ' 
idly and external cardiac compression may be resumed 
after defibrillation without the problem of hand slip^ 
page on the chest that occurs when electrode paste 
ia used. 

A shigle defibrillator shock does not produce serious [ 
functional damage to the myocardium; so there is no ; 

Standards for CPR and ECC i 
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reaaon to withhold it in the unconscious, pulseless 
ftdult patient when a direct current defibrillator is 
available even though the patient is unmonitored. In 
these circumstances; unmonitored defibrillatidh with a 
singie shock m9y be pezf prmed by medical or properly 
trained and authorized allied medical personnel. It 
must be emphasized that this single sh^ck must not 
delay the prompt application of basic * 1 Ae support 
naeasures in any way. Unmonitored defibrillation is not 
recommended for iihildren. 

In instances of apparent cardiac arrest secondary 
to hypoxemia, eg, drug overdose, CPU for a peri6d of 
two minutes is recommended, with reevaluation prior 
to the delivery of an unmonitored defibrillator shock. 

The optimum anjoimt of ^electrical energy has not 
been established and there are no conclusive data con- 
cerning the ideal defibrillator output wayeform. The 
output delivered into a 50-ohm load should range from 
0 to at least 250 watt-seconds, preferably 300 watt- 
seconds for the conventional IiOwn wavefonn^^z This 
range will provide adequate energy for the majority 
of patients- The energy requirements- of defibrillators 
with other waveforms may vary from this range. In 
emergency situations, it has been customary to deliver 
a maximum shock of 400 joules (watt-seconds) for 
cases of ventricular fibrillation. However, lower set- 
tings frequently are effective in- conveiiting ventricular 
fibrillation and ventricular tachycardia and produce 
leas myocardial damage. The damage resulting from 
defibrillator shodcs is . directly proportional to the 
energy used, and maximal settings, lyhen not required, 
may further impair an already damaged myocardium. 
The energy level delivered through a 50-olnn load 
should be indicated on the front panel of the de^ 
fibriUator. AH defibrillators, particularly those' that 
registjer stored energy, should be checked at r^Iar, 
fredueitt intervals with suitable test equiiMnent to 
determine the delivered energy. Breakdown and de- 
fects develop in units that are used frequently at high 
energy levels. Well-organized, detailed* ' and recorded 
preventive maintenance should be performed regularly 
also. 

Establishing and Maintaining 
Intravenous Infuaton 

It is essential to provide an intravenous route for 
the intermittent or continuous rapid administration of 
drugs and fluids that may be required to reestablish 
or support a stable cardiac rhythm and adequate cir- 
culation. This, route must be established as early as 
possible and must be a routine part of advanced life 
support^ 

Drugs and Definitive Therapy 

Drug administration and other forms of definitive 
therapy .are required for most patients who receive 
cardiopulmonary resuscitation • or emergency cardiac 
care. Tracheal intubation by trained personnel and 
the early administration of high .concentrations of 
o^gen are of major importance in reducing hypoxemia 
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during the cardiorespiratory emergenpy. While the 
dangers of hypoxemia are easily demonstrated experi- 
mentally and clinically, there is no evidence that lung 
damage occurs with high concentrations of oxygen if 
it is used for periods of less than 24 hours. 

Drug administration: is of critical importance in 
emergency cardiac care. Drugs usually are adminis- 
tered intrayenQusIy daring the cardiopulmonary ' resns- 
citation emergency to ensure their delivery into the 
cardiovascular system as artificial circulatiori is pro- 
vided. A cutdown or long-term intravenous route 
should be established as early aa possible. Intracardiac 
injections are sometimes used, but this route is usuallj^ 
limited to epinephrine early in the cardiac arrest and 
before an intravenous infusion has become available. 

For purposes of these Conference recommendations, 
drugs are divided into two categories: essential and 
useful. 

Essential Drugs 
Sodium bicarbonate 
Epinephrine 
Atropine sulfate 
Lidocaine ' 

Morphine sulfate | 
Calcium chloride ' 
(Oxygen is also considered an essential drug.) ! 

Sodium Bicarbonate, — Sodium bicarbonate is neces- | 
sary to combat metabolic acidosis. It . is administered 
intravenously in an initial dose pf 1 mEq/kg by either 
bolus injection or continuous infusion over a ten- 
minute period. Onc^ effective sjtontaneous circulation 
is restored, further administration- of sodium bicar- 
bonate usually is not indicated^ and may be harmful. 

The available dosage forms for sodium bicarbonate 
are: 

1. ^refilled syringe: 60 ml of 8.4% soL (60mEq) 

60 ml of 7.5% sol. (44.6 mEq) 

2. Ampules: 50 ml of 8.4% solution (50 mEq) 

'60 ml of 7.5% solution (44.6 m£q) 
8. .Bottles: 600 ml of 6% solution (297.6 mSq) 

The dosage of 1 mEq/kg should be used regardless of 
dosage form, ... | 

Where ventricular fibriliaUon is present^ defibrilla- 
tion should be attempted immediately. Then sodium 

bicarbonate should be adminiatered. If an effective 
circulation is not restored after defibrillation and the 
initial dose of bicarbonate, a repeat dose of 1 mEq/kg 
should be given. It is recommended* that, in hospitalized 
patients, further administration of sodium bicarbon- 
ate be governed by arterial blood gas and pH measure- 
ment. 

Effective ventilation must accompany sodium bi- 
carbpnate administration to rertiove carbon dioxide in 
the arterial blood. Where blopd ^ases and pH deter- 
minations are not available, one half of ihe initial 
dose may be administered at ten-minute intervals. 
Metabolic alkalosis and hypmsmolaHiy from exces- 
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sive therapy must be avoided. Catecholamines may be 
given simultaneously or in rapid succession with so- 
dium bicarbonate, but generally they ahould not be 
added to continuous infusions of the bicarbonate since 
this may cause inactivation of the catecholamines. 

Sodium bicarbonate should not be used alone in 
cases of cardiac standstill or cases of persistent ven- 
tricular fibrillation. In these instances, repeated doaea 
of epinejphrine and sodium bicarbonate should* be ad- 
ministered while continuing effective external, cardiac 
compression and ai^ificial ventilation. The combined 
use of epinephrine and sodium bicarbonate may result 
in a cardiac standstill converting into a ventricular 
ilbrillation, which then can be defibrillated. Use of 
both drugs during ventricular fibrillation, improves the 
status of the myocardiuni ancL enhances the efl^ective^ 
ness of the defibrillation. 

Epinephrine. — Although epinephrine can be shown 
experimentally to produce ventricular fibrillation, its 
actions in restoring electrical activity in asystole and 
in enhancing deftbrillatiDn in ventricular iibriliation 
are well documented also. Bjpinephrine increaseB myo- 
cardial contractility, clayates perfusion pressure, low- 
ers defibrillatioii threshold/ and, in some instances, 
restores myocardial contractility in electromechanical 
dlssocis^tion. A dose of 0.5 ml of a 1:1,'000 solution 
dilated to 10 ml, or 5 ml of a 1 aO.OOO solution, should 
be administered intravenously every five minutes dur- 
ing a resuscitation effort. Intracardiac administration 
may be utilized by personnel well trained in the tech^ 
nique if there has not been sufficient time to establish 
an intravenous route. 

Atropine Sulfate, — Atropine sulfate reduces vagal 
tone, enhances atrioventricular cpnductipn, and accel- 
erates the cardiac rate in cases of sinus bradycardia. 
It is most useful in preventing arrest in profound 
sinus bradycardia secondary to myocardial, infarction, 
particularly where hypotension is present; When there 
is profound bradycardia, acceleration of the heart rate 
to the normal rate of 60 to 80 beats per minute prob- 
ably improves cardiac output and may reduce the in- 
cidence of ventricular fibrillation secondary to ectopic 
electrical activity. 

Atropine Sulfate is indicated for the treatment of 
sinus bradycardia with a pulse of less thwi 60 beats 
per minute when accompanied ' by premature ventric^ 
ular contractions or systolic blood ' pressure of less 
than 90 mm Hg. It is also indicated for high degree 
atrioventricular bl<>ck when accompanied by brady- 
cardia. It- is of no value in ventricular ectopic brady- 
cardia in the absence of atrial activity. The recom- 
mended dose is 0.6 mg administered intravanously as 
a bolus, and repeated at five-minute intervals until a 
pulse rate greater than 60 is achieved. The total dose 
of atropine sulfate should not exceed 2 mg. except 
in cases of third degree atarioyentricular block, where 
larger doses may be required. 

Lidoeaine^ — ^Lidocaine raises, tiie ^brillation thresh- 
old and exerts its antidysrfaytho^c effect by increas- 
ing the dectrical stimut^tioh tbreshold of the ventricle 
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during diastole. In usual therapeutic doses, there is no 
significant change in myocardial contractility, sys- 
temic arterial pressure, or absolute refractory period. 
This drug is particularly effective in depressing irri- 
tability where successful defibrillation repeatedly re- 
verts to ventricular fibrOlation. It also is particularly, 
effective in the control of multifocal premature ven- 
tricular beats and episodes of ventricular tachycardia. 
Mfty to 100 mg should be administered slowly as a 
bolus intravenously and may "be repeated if necessary. 
It may be followed by a continuous infusion* of 1 td 3 
mg/miQute, usually not excee^g 4 mg/minute. Iddo- 
caine, as 500 irig in 500 ml of .5% dextrose in water, 
provides a solution of 1 mg/raJ for infusion.- Lidoeain^ 
is of no value in asystole. 

Morphine Sulfate. — Morphine sulfate is not indi- 
cated in cardiopulmonary resuscitation emergencies, 
but it is important in cases of niyocardial infarption 
to relieve pain and in the treatment of puhnonary 
edema. For pain relief in acute myocardial infarction, 
1 ml of niorphine sulfate (16 mg) should be diluted 
to 5 ml (8 mg/ml). Of this solution, 1 ml (3 mg) tb 
1.5 nil (4.5 mg) should 1» giv^ intravenously, every 
5 to 80 niinutes as required. £:cperiehce has indicated 
that the titration of small doses at frcguent intervals 
provides the desired effect and avoids significant res- 
pi^rfitory depression. 

Calcimfi' CAZon'eKe.-7-Calclnm chloride increases myo- 
cardial contractility, prolongs systole, -and enhances 
ventricular excitability. Sinus imp.ulso formation* can 
be suppressed, and sudden death foUofwin^ a rapid 
intravenous injection of calcium chloride has been 
described, particularly in fully digitalized patients. 
Calcium chloride is useful in profound cardiovascular 
collapse (electromechanical dissociation). It may be 
useful in restoring an electrical rl^rtlim in instances x>f 
asystole and may enhance electrical defibrillation. 

The absolute dose of calcium required in cardiac 
arrest emergencies is difficult to determine and may 
vary widely. The usual recommended dose of calcium 
chloride is 2.5 ml to' 6 ml of a 10% solution (3.4 to 
6.8. mEq Ca-+-r). Where required, this amoujit should 
be injected intravenously as a bolus at Intervals of 
ten minutes. Calcium gluconate provides less ionizable 
calcium per unit volume. If it is used, the dose should 
be 10 ml of a 10% solution (4.8 mEq). Calcium can also 
be administered as calcium gluceptate. The dose of 
this drug is 5 ml (4.5 mEq). 

Repeated large doses of calcium may elevate calcium 
. blood levels with a detrimental effect. Calciiira must 
not be administered together with sodium bicarbonate 
since this mixture results in formation of a precipitate. 

Alternate Drug Routes. — ^When prompt establish- 
ment of an intravenous lifeline is not possible, epi- 
nephrine (1 to 2 mg/10 ml sterile distilled water) or 
}i(tocaine (50 to 100 mgAO ml sterile distilled water) 
can be effective when instilled directly into the tracheo- 
brondiial tree via an endotracheal tube. The endo^ 
tracheal administration of other druga for cardiopul- 
monary resuscitation has not yet been established^ 
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PACE 43/61 • RCVD AT 4«/2008 5:25:17 PM [Eastern Daylight TImel • 8VR:USPTO-EFXRF-5/46 • DN1S:2738300 * CSID:312 258 1389 • DURATION (mtn-ss): 27-54 



Ap r--Q8-2008 04:11 PM FRIEDMAN & FRIEDMAN 3122581389 44/ 



• Drug 


Tab!B 2.— Commonly Used Drugs ioY rnfants and Children 




Eplnophrlno 


. . Suggostqd Dose 

lilo.ooo tO,1-ml/kB) 


R.om^ks 


Calcium chloride 


Wm llfD^AIIIUf Jl UUdO VI 

1 ml/5 kg 
Intrabardlec-^t ml/3 kg diluted 
1:1 wlthsallne 


Use Cfiutlon In 
digttallzed children 


. Sod{um bicarbonate 


1. V^l m( (0.9 mEq] /kg diluted 
1:1 with aterilo water 


Repeat dose after pH 
obtained and base 
deficit calculated 


Lcvarteranor (LevopKed) 
bitartrata 


Infants: I. V.-~1 mg In 500 ml 
of 5% D/W 

vniidreri: i. v,— 2 mg/soo ml 
of S% D/W 


Titrate to desired effect 
Not to be used In 
ehdo toxic shock or 
renal shut- down 


CAr&mlne) 


I. V.-- 25 ma/too ml 

Of5%0/W 


Titrate to desired effect 


MspJientermlhe 

(Wyaminfe). sulfate . 
Udooalne 


1. v.— 0,05 mo 




(Xyfocalne] 


Infants: t. V.~Q.5 mg/kg . '' = 

CWfdren: 1. V.— 5 mg and repeat until 
desired effect 
L V. mg/kg/4 hre 

(TOO mg In 500 m! of 
^ 5% D/W) 


Not to exceed 100 mg/hr 


Isoprotirenoi , "~ 
1 [Isuprsi) hydrochloride 


1. V. Drip—I to 5 mg/HOO ml of ' ~ 
■s%D/W 


Titrate to desired effect 



IntrarauHcular atropine sulfate (2 mg) or lidocaine 
(300 mg) is effective in estsbliahing therapeutic and 
prophylactic hlood levels for dysrhythmia control, but 
thia route requires the presence of adequate spon- 
tanetius circulation. 

Useful Drugs 
Vaatoctlve Drugs 

Leyarterenol 

Metai^minol 
Isoproterenol 
Propranolol 
CorticoisteroidB 

VaaoaeHve Drugd fLevarterenol, Metarwmi7iol)\— 
The use of potent peripheral vasoconstrictors has been 
rfiallen^ed by some authorities because, of th6 possi- 
bihty ccf reducing cerebral, cardiac, and renal blodd 
flow. The choice of a vasoconstrictor of a positive ino^ 
tr<q>ic agent remains controversial in the treatment 
of GBTdf.ac arrest and the immediate pos1>r€suScitar 
lion period. However, during cardiac compression and 
the.post-resuscitatiori period, blood pressure must be 
Bupported where low blood pressure and* inadequate 
cerebral and 'renal perfusion give evidence of shock. 
. Onie selection of therapy is dictated by the patieiit's 
clinical state. In peripheral vascular collapse, mani- 
fested clinically by hypotension, and the absence of 
significant peripheral vasocoiistriction, intravenous 
Icvarterenol (Levophed) bitartrate in high concentra- 
tions of 16. /ig/ml or metararainol bitartrate (Ara- 
mine) in concentrations of 0,4 mg/inl of dextrose in 
water should be titrated intravenously. Metaraminol 
can be given rntravenously as a bolas in a dose of 2 
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to ff mg every iive to ten minutes. Continuous admin- 
istration id required to maintain a satisfactory blood 
pressure and adequate urinary output These drugs 
aore potent vasoconstrictors and have a positive ino- 
tropic effect on the myocardium. They are especially 
useful where systemic peripheral resistance is low. 
• IsaproterehoL^i'or patients with profound brady- 
cardia demonstrated to be the result of complete heart 
block, isoproterenol (Isuprel) hydrochloride ia the 
drug of choice for immediate treatment. It should be 
infused in amounts of 2 to 20 jug/minute (1 to 10 ml 
of a solution of 1 mg in 500 ml of 5% glucose in 
water) and adjusted to increase heart rate to approx- 
imately 60 beats per minute. It is useful also for 
profound dinus bradycardia refractory to atropine. 

Propranolol. — The antiarrhythmic properties of the 
beta adrenergic blocking agents have proven useful in 
instances of repetitive ventricular tachycardia or re- 
petitive ventricular fibrillation where maintenance of 
a rhythmic heartbeat cannot be achievejd with lido- 
caiile» The usual dose of propranolol is 1 mg intra- 
venously. This ihay be repeated to a totat of mg 
under careful monitoringl Caution is required in pa- 
tients with chronic obstructive pulmonary disease and 
cardiac failure. 

Corticosteroida. — ^Present evidence favors the use of 
pharmacological doses of synthetic corticosteroids (5 
mg/kg of methylprednisolone sodium succinate or 1 
nig/kg of dexamethasdoiephospbate) for.prozApt treat- 
ment of cardiogenic shock or shock lung occurring as 
complications of cardiac arrest. Where cerebral edeina 
is suspected following cardiac arrest methylpredniso- 
lone sodium subeinate in doses of 60 to 100 mg every 
six hours may be ben^cial. When pulmonary com* 
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piicatioha andh as a postaspiration'. pneamonitis is 
present, dexametliaaone phosphate may be used in 
dose's of 4 to S mg every six hours* 

Postcardiac Arreai Drug Treat7rte7it.-r-ln addition fo 
corticosteroids, potent diuretic agents, hypothermia, 
and controlled hyperventilation may be useful foir .the 
prevention or attenuation of cerebral edema whidi 
may follow sucjcessful resuscitation* Potent diuretic 
agents (furosemide and ethacrynic acid) in doses of 
40 to 20b mg may help to promote diuresis. Hyper- 
osmolality may be aggravated by these agents. 

Drug Dosage for Inftmts and ChUdreTu — ^The rec- 
ommended drug dosages for infants and small children 
are listed in Table 2. 

Stabilization of PatiehX's Condition 
.for Transportation 

Successful treatment is direcHy delated to the rapid- 
ity ^ith which a functiotxal spontaneous rhythm can 
be restored. In cases of cardiac emergency outside the 
hospital, it is now clear that restoring adequate, spon- 
taneous circulation at the scene is more likely to re- 
BuH; in the victim's survival than the moat skillfully 
continued basic life support measures during trans- 
portation. Every effort must be made to treat and 
stabilize the patient at the scene, since it is difficult 
to perform CPR effectively during transportation. 
Once the patient is stabilized, it is reasonaBle to trans- 
fer him to a life support unit. . 

Stabilization involves: 



1. Assuring effective ventilation, either spontane- 
ous or assisted. 

2. Maintaining a stable cardiac rhythm and effective 
circulatipn, utilizing drugs indicated. 

3. lylaintaining a functioning ECG monitor arid an 
■intravenous lifeline. 

4. Establishing and maintaining communications 
necessary for consultation, transportation, and admis- 
sion to a continuing care facility. 

. termination of Basic or 
Advanced Ufe Support 

The decision to terminate resuscitative efforts is a 
medical one (aiso see "Medicolegal Considerations") 
and depends upon an assessment by a physician of 
the. cerebral and cardiovascular status of the patient. 
The best criteria of adequate cerebral circulation are 
the reaction of the pupils^ the level of consciousness, 
movement, and spontaneous rcspiratibn. Deep uncon- 
sciousness, absence of spontaneous respiration, and 
pupils that are fixed and dilated for 15 .to 3(5 minutes 
usually are indicative of c^ebral death and further 
resuscitative efforts are generally futile. Cardiac death 
is likely when there is continuing absence of ventricu- 
lar electrocardiographic activity after 10 minute3''or 
moire of adequate cardiopulriionaxy support including 
appropriate drug therapy. In children, or in unusual 
circumstances, eg, when the arrest is associated with 
hypothermia, resuscitative efforts should be con- 
tinued for longer periods since recovery has been seen 
even after prolonged unconsciousness^ 



Part iv.— Life Support Units 



A life support unit (LSU) is an integral part of 
a stratified system for cardiac care that is strategically 
located* properly identified, and has specific capability 
of rendering life support to patients with cardiopul- 
monary emergencies. Life support units can be either 
basic or advanced uiiits.. Basic life awpport uvits 
exist wherever there are individuals trained in CPB 
techniques arid should be found at all patient care 
statioiiB of hospitals, medical and dental offices, fac- 
tprifiSt public office buildiiigs. and within homes and 
schools. Advanced Ufe ampport ttnits, in addition, nmst 
be able to monitor cardiac rhythms and treat cardiac 
dysrhythmias. 

The Conference has set minimum standards for ad- 
vanced life support units. 

SEaiidards far 1311*$ 

Structure and Access 

The advanced life support unit mii.Ht have accrasi- 
ble approaches and be clearly identified by conspicu- 
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ous markers indicating the availability - of emergency 
cardiac care. It must be equipped Ho communicate 
with appropriate emergency agencies as weU as to 
provide basic and advanced life support. The logical 
sites for life support units are wherei cardiopulmonary 
emergencies, reasonably can be anticipated, siich as in 
hospitals and all areas where many people congregate. 

In Hospitals 

There should be triage for early symptoms and signs 
of heart attack in the hospital. The emergency depart- 
ment inay be used to screen, monitor, and treat per- 
sons who arrive either on their own or by referral. 

Every general hospital with acute care facilities 
should provide in its emergency department an ad- 
vanced life support station so that any patient who 
has symptoms suspicious of myocairdial infarction or 
other cardiopulmonary emergency, will be placed im- 
mediately on monitoring and surveillance untii a defi- 
nite decision is made regarding his management. 
Cardiac monitoring always should precede any admin- 
Standards M CPB and' ECC 
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istrative details or medical historjr-taking. 

If there is strong suspicion that the patient has an 
acute myocardial infarction, he should be transferred 
to a coronary care unit. It cannot be overemphasized 
that a patient with a history compatible with acute 
myocardial infarction sfiould not be discharged from 
the emergency area merely because the initial electro- 
cardiogram is normal When the diagnosis is in doubt, 
it la always advisable to continue observation and 
^ monitoring. During transfer to the CCU by trained 
personnel, a patient should be connected to a battery- 
operated monitor^efibrillator and should be accom- 
panied by appropriate drugs for administration en 
route if necessary. 

Out of Hospitals 

Sports Arenas, Convention Centers, Stadiums, Civic 
AuditoriuTnB.—Areas where large numbers of people 
congregate, such as sports arenas, convention halls, 
stadiums, and auditoriums, should provide life support 
units. Once such a unit is established, it must be 
identified and a diagrltm of its location should be 
printed in the program and pre-program fliers and 
mailers. 

The LSU should be located in a place with a high 
degree of visibility, such as near entrances or ad- 
jacent to exhibits that are known to be popular. Con- 
sideration should be given to proximity to major pe- 
destrian traffic arteries and accessibility to all in- 
dividuals. All personnel employed by the facility should 
know of the existence and location of the life support 
unit. 

The unit should be identified by a sign reading 
"Emergency. Life Support Unit," rather than "Emer- 
gency Aid Station," to emphasize the function of the 
unit. At the entry or registration area, a large sign 
should be provided to define the method of access to 
the LSU or to define what action to take if a life- 
threatening emergency occurs. 

Where the physical layout lends itself to use of 
small mobile transport units, such as modified mobile 
carts, consideration shoald be given to a complete 
mobile system integrated with the LSU or with mul- 
tiple LSU's. 

The plan of action for an LSU in a public facility 
must include integration into the total emergency med- 
ical system. 

Tfidmtrial Plants and Office Building Complexes,^ 
In areas where a Large number , of people work, steps 
comparable to those for public facilities must be taken. 
A plan of action should be formulated as part of the 
total emergency medical gystem, including rapid ac- 
cess to the life support unit. In large complexes, LSU'a 
are essential. 

Areas With Large In-Tranait Populatums. — ^Airports 
and major railway terminals should provide similar 
LSU facilities with appropriate identification and easy 
access for travelers suffering life-threatening emer- 
gencies. 

In addition, special provisions should be made for 
JAMA, fob 18, 1974 • Vol 227, No 7 



passengers aboard conmiercial aircraft. Airlines should 
provide passenger-carrying aircraft with standard kits 
of drugs (refer to "Essential Drugs" and '*Usefui 
Drugs") and syringes that can be made available to 
doctors with proper identification for in-fiight treat- 
ment of cardiopulmonary emergencies. Oxygen, in 
cylinders with reducing valves capable of delivering 
up to 15 liters/minute for a period, of 60 minutes 
(two E cylinders), should be available also. The cyl- 
inders, valves, and delivery equipment should be stored 
so that the oxygen may be delivered quickJy to pas- 
sengers anywhere in the aircraft 

The Conference recommends that the American 
Medical Association and all airlines request physi- 
cians to make their presence and availability known 
to the flight personnel prior to departure of the air- 
craft. 

Capabilities of Advanced 
Life Support Units 

An advanced life support unit must have certain 
capabilities with regard to availability, communica- 
tion, and components. Advanced life support capability 
is to be provided within the confines of the LSU and 
to the entire physical complex which it serves, during 
the times required. 

A faultless system of communication is essential to 
the effective delivery of advanced life support to per^ 
sons in its area. This is to be correlated with responsi- 
ble agencies (eg, security, administration) to ensure an 
effective flow of action for response. 

The third capability an LSU must have concerns 
staff and equipment. Expert personnel, with all nec- 
essary equipment, must be available at all times in 
order to provide advoTiced life support by 

L Identifying patients with cardiopulmonary emer- 
gencies promptly. 

2, Instituting' immediate monitoring and establish- 
ing intravenous lifeline prior to obtaining a detailed 
medical and administrative history. 

3. Providing: continued surveillance until a profes- 
sional decision on management is made. 

In -out-of-hospital LSU's, each unit must have the 
ability to stabilize the patient's condition prior to 
transfer to a continuing care facility. This necessi- 
tates providing a trained team with the appropriate 
portable equipment. The area's emergency medical sys- 
tem should allow personnel and equipment exchange to 
the transfer vehicle, effectively converting it to a 
mobile intensive care unit (MICU) to provide con- 
tinuity of care until hospital admission is complete. In 
areas where MICU's are available, it is not necessary 
for the LSU team to leave its immediate vicinity. 
Basic life support always should be available, even 
when the life support unit team is occupied with 
transfer. 

Personnel,— Persons callable of providing the quali- 
ty and degree of care necessary for an LSU to op- 
erate in a rapid, efficient, and professional manner 
are essentiaL O^ese nnits may be staffed 1^ qualified ■ 
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physicians, by specially trained nurses responding to 
standing orders, or by speciAcally trained alJied health 
personnel who are autho^zed to perform this service. 
Each person st^ngr an LSU should be governed by 
a clfear, written policy that defines his area of re- 
sponsibility. 

A physician knowledgeable and skilled in the man- 
agement of basic and advanced cardiopulmonary emer- 
gencies must assume the medical responsibility for 
the unit This responsibility includes direct or remote 
supervision under the physician's continuous or inter- 
mittent direction. Any physician who assumea respon- 
sibility for a patient in a LSU must be qualified to 
perform and administer advanced life support 

Nursing .personnel must be familiar with and ex- 
perienced/in basic and advanced life support and 
must be able to divect lifesaving measures as well as 
provide a supporting role. In this regard, they should 
be familiar, with the use of voice and ECO telemetry 
equipment if their station is so equipped. 

Speciahzed continuing education programs for all 
LSU personnel are required to maintain an optimal 
level of proficiency and to acquaint personnel witii new 
techniques and methods. 

Eniergency Medical Technicians (EMT'a) must be 
trained at least to the level required for the training 
of ambulance personnel and others responsible for the 
prehospital phase of emergency cardiac care. Training 
programs must be hospital-affiliated and provide direct 
patient contact and care. A well-defined program ad- 
ditionally must include assisting in the care of the 
critically ill and injured patienif, discussing cases, eval- 
uating activities^ and updating skills and knowledge 
on a regular basis. It is necessary that allied health 
personnel maintain their skills by continued periodic 
participation in hospital patient care and by demon- 
strating their proficiency on a set schedule. They must 
be able to function eifeetively without the physical 
presence of a physician or nurse, and» where pro- 
vided» be totally competent to operate all equipment, 
including that necessary for conmiunications and 
. telemetry, ^dalized continuing education programs 
for all I^U persoiinel are inquired to maintain an op- 
timal level of proficiency and to acquaint personnel 
with new techniques and methods. ^ 

Equipment and Drugs. — The basic equipment and 
drugs necessary for an adequate advanced life support 
udit include those concerned with maintaining the 
airway a&d providing artificial ventilation and cir- 
culation. 

' Respiratory Manttgem&nt, — Por airway management 
and artificial ventilation, the fallowing equipment is 
necessary for all life support units: 

Oxygen supply (two E cylinders) with reducing: valves 
capable of delivering 15 liters/minute and with mask and 
reservoir bag 

Oxygen reserve (two E cylinders) 

Ma^k for mouth-to-niask ventilation 

Oropharyngeal airways 
• S'tube (optional) 

Laryngoscope wifli blades (curved and straight, for 
adnlti child, and infant) and extra batteries and bulbs 
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Assorted aduIt-sizc (cuffed) and child-sisie (oncuffed) 
endotracheal tubes with stylet and 15 nim/22 mm adaptors 

Syringe with clamp or plastic two-way or three-way 
.valve for endotracheal tube cuffs 

Acceptable bag-valve-mask, with provisions for 100% 
oxygen ventilation or a manually triggered (time-cycled) 
oxygen powered resuscitator 

Suction (preferably portable), with catheters — sizes 6 
to l&^'^d Yankauer-type auction tips 

Nasogastric tube 

Esophageal obturator airway (optional) 
Cricothyrotomy set 

drciCUitory Mcmag&nmt. — To provide adequate 
management of the circulatory system, the following 
equipment Is essential for aU advanced life support 
units: 

Portable dcflbriUator-monitor with ECCx electrode-de- 
fibriUator paddles or portable DC defibrillator and portable 
£CG monitor 

Portable EGG machine, direct writing^ with connection 
to monitor 

Venoua infusion sets tfmicro and zcguLax') * 

Indwelling venous catheters (regular and special units) : 
Catheter outside needle (sizes 14 to 22) 
Catheter inside needle (sizes 14 to 22) ■ 
Central venous pressure catheters 

Intravenous solutions {h% dextrose in water, lactated 
Ringex's) 

Gutdown set 

Sterile gloves 

Urinary catheters . 

Assorted syringes and needles^ stopcocks, venous exten- 
sion tubes 

Intracardiac needles 

Tourniquets,' adhesive, disposable razor, and similar 
items 

Thoracotomy tray 

S$86ntial Drugs. — ^All life support units must have 
these drugs available : 

Sodium bicarbonate (prefiUed syringeEr, 60 ml ampules, 
or 500 ml 5% bottles) 

Epinephrine (inrefilled syringes) 

Atropine sulfate (pvefilled syringes) 

Lidocaine (Xylocaine [prefUled syringe]) 

Morphine sulfate 

Calcium chloride 

Useful Drugs. — ^These drugs are recommended for 
hospital and nonhospital life support units: 
Aminophylline 
Dexamethasone (Dccadron) 
Dextrose 50% (lon-o-trate pextrose 509^) 
Digoxin (Iranoxin) 

Diphenhydramine hydrochloride (Benadryl) 

Etiiaerynic acid 

Furosemide (Lasix) 

Isoproterenol (Isuprel) hydrochloride 

LanatosideC (Cedilanid) 

Meperidine (Demerol) hydrochloride 

Metaxaminol bitartrate (Aramine) 

Methylpfedniaolone sodium succinate (Solu-AIedrol) 

Nalorphine (n-aUyXnormorphine) hydrochloride 

Lcvartemol (I^evophed) bitartrate 

Phenylephrine (Neo-synephrhie) hydrochloride 

Potassium chloride 

Propranolol hydrochloride (Inderal) 

Procainamide hydrocHlorfde (Pronestyl) 

Quinidine 

Sucdnylehotine chloride 
Tubocurarine chloride 

Beferral. — ^Each life support unit must have an es- 
tablished policy for referral. This policy should be 
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based on the knowledge of the medical capabilities 
for critical care m the vicinity and the ability of the 
individual LSU to eommunicate and consult with these 
facilities at all times. The patient should be referred 
to the most appropriate hospitaL The LSU assumes 
full patient reaponaibility until safe transfer has been 
effected. 

When the continuing care facility (hospital) pro- 
vides both a coronary care unit and an emergency de- 
partment, provisions should be made for the cardiac 
patient to enter the CCU directly, bypassing the emer- 
gency department. In some instances, however, farther 
stabilization and specialized treatment may be neces- 
sary in the emergency department before transfer to 
the CCU. 

Records. — A system of records must be developed 
and maintained throughout the course of each use of 
an LSU. The design must be such that a copy can 
be immediately available for the continuing care fa- 
cility that assumes the eventual responsibiUty for the 
patient. There also must be a copy available for the 
long-term records of the LSU, 

Communications. — ^At a minimmn, the LSU must 
be able to communicate directly with the agency or 
persons who are bringing the patient to the uiiit and 
with the facility to which they transfer the patient for 
continuing care. It ia recommended that the LSU also 
be in contact with the central coordinating and dis- 
patching authority. 

Standards for Mobile LSD'S 

A mobile life support unit is a vehicle that has all 
the components, personnel^ and capabilities of the 
LSU. Mobile life support units also can be categorized 
a& basic or advanced, depending on the kind of life 
support they are equipped to provide^ At a minimum, 
all ambulances should be capable of basic life support* 
Advanced mobile life support units should be able to 
rapidly transport necessary equipment and skilled per- 
sonnel to a patient with a cardiopulmonary emergency 
and to render basic and advanced life support. This 
advanced mobile LSU may or may not transport the 
patient to a definitive care area. If not, it should be 
able to provide its life support capability in the form 
of personnel and portable equipment to some other 
transporting vehicle to effect safe transport after the 
patient has been stabilized. 

Structure. — ^Mobile life support must be a part of a 
well-deiined, community-wide plan for providing emer- 
gency medical services. The plan must integrate the 
mobile LSU's into an emo^rency cardiac care system 
containing fire departments, rescue teams, and ambu- 
lances, so that basic life support can be provided with- 
in four minutes from the emergency caU. There should 
be a Bufiicient number and sufficient placement of mo- 
bile life support units to assure advanced life sup- 
port to the patient within ten minutes or lesa. 

Vehicle design for LSU's should be in relation to 
their role in the plan.^^ These vehicles may be only 
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for transportation of equipment and personnel, or they 
may be for transportation of equipment^ personnel, 
and patients^ It ia also neceasary to provide central 
control, coordination, and a dispatching agency, with 
dispatchers trained in identifying the type of emer- 
gency and its precise geographic location. 

All mobile LSITs must have suf^cient trained per* 
sonnel to provide two rescuers to remain with and 
administer to the needs of the patient .throughout the 
emergency and until he is delivered to a continuing 
care facility. 

Capabilities. — ^The mobile LSU's must be strate- 
gically deployed and have the capability for recog- 
nition, emergency treatment, and stabilization, of car- 
diac patients. It is important that the patient be sta- 
bilized giiiddy at the site where the cardiopulmonary 
emergency occurred. Continuous monitoring of the pa- 
tient by rescue personnel from the time of arrival of 
the mobile unit to the delivery of the patient to a 
LSU is a necessity. Conmmnication with the base sta^ 
tion, unit, and physician are desirable. 

A mobile life support unit has some requirements 
that are different from those of a regular LSU. The 
mobile unit must possess the ability to develop and 
maintain appropriate, portable lifelines that will sup- 
port ventilation and circulation continuously so that 
the patient may be transferred to the vehicle. 

The training required for operation of regular life 
support units also must be augmented for personnel 
serving in the mobile life support unit. Training is 
needed in the areas of iield operation of communica- 
tions and telemetric equipment, vehicular guidance and 
defensive driving, local geography and traific control, 
and how to interact with other agencies in situations 
such as establishing security and crowd control. 

Components. — There are no differences between the 
components required for a mobile LSU and those for 
other LSU's regarding personnel, equipment, drugs, 
and records. 

Additional mandatory features of the mobile LSU 
are specialized training of personnel, equipment that 
is portable and self-contained, special vehicle design, 
and a communications network. 

Communications. — At a minimum, two-way voice 
communications with the central coordinating and 
dispatching authority and with the continuing care 
unit to which the patient will be delivered is neces- 
sary initially. The unit therefore must possess the 
capability of communicating with one or more con- 
tinuing care facilities in order to give: 

1. Notif cation of patient's expected time of arrival. 

2. Notification of patient's condition. 

3. Confirmation of acceptance by facility for con- 
tinuing care. 

4. Oonsultatian regEirding care. 

As a later phase, there can be angmentation with 
physician's consultation aiid, when appropriate, ECG 
telemetry offers the advantage of remote monitoring 
and i^iythm .consultation, provided that medical eon- 
saltation is on-line and a part of t^e system. 
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Part v.— Medicolegal Considerations and Recommendations 



The Ckmference -vrishes to zoake dear that> unless 
otherwise provided, nothing ia these standards is in- 
tended to limit or inhibit persons^* either inside or out- 

^ side of health care faciUties, from providing emer- 
. gBnty medical txeatment. Emergency care should al- 
ways be provided in life-threatening situations. In 
addition^ unless otherwise indicated, these standards 
are universally applicable. In eases involving tech- 
niques of basic and advanced life support, minimum 

. requirements for appropriate action liave been defined. 
In areas of policy, recommendations have been made« 
and it ia intended that these recommendations will be- 
come reflective of actual practice. 

It is appreciated that full implementation of these 
standards will place an enormous burden on the per- 
sonnel and facilities of agencies, organizations, and 
institutions that are or will be involved in emergency 
care, as well as those agencies, organizations, and in- 
stitiitions responsible for training and certification. 
Since it may be unrealistic to expect immediate com- 
pliance with these standards in some circumstances, 
a reasonable time for implementation should be al- 
lowed. ' ^ 

Initiation and Termination of 
Resuscitation Efforts 

Physicians.— Physicians have an obligation to 
initiate CPR in any instance in which" it is medically 
Indicated. When the victim of cardiac arrest is not 
the patient of the physician, a unique relationship is 
created that may be described as the Good Samaritan- 
victim relationship. 

The physician should continue basic life support 
measures until one of the following occurs: . 

1. The patsent^s personal physician takes charge, . 

2. He has reasonable assurance that the victim xpiU con- 
^ne to receive properly pezformed basic and /or advanced 
-life snpiwrt by properly trained and designated profes- 
sional personnel, or 

3. The patient recovers or la pronounced dead. 

Nonphysicians. — ^Nonphysicians should initiate CPK 
according to the standards of the American Heart . As^ 
sociation and to the best of their Imowledge and 
capability in cases they recognize as cardiac arrests 
They should not be held liable for failure to initiate 
CPR if such decision is consistent with current stan- 
dards. 

The nonphysician who initistes basic or advanced 



life support should continue his resuscitation, eiforts 
until one of the following occurs: 

1. Effective spontaneous circulation and ventilation have 
been restored, 

2. 'Kesuscitation effortg have been transferred to an- 
other reaponsible person who continues basic life support, 

3. A physician or a physician-directed individual or 
team aasmnes responsibility, 

4. Tha victim is transferred to properly trained and 
designated prof esBional medical or allied health personnel 
charged with responsibilities for emergency medical ser- 
vices, or 

5. The rescner is exhausted and unable to continne re- 
suscitation. 

Orders Not to Resuscitate 

The purpose of cardiopulmonary resuscitation is the 
prevention of sudden, unexpected death. Cardiopulmo- 
nary resuscitation is not indicated in certain situa- 
tions, such as in cases of terminal irreversible illness 
where death is not unexpected or where prolonged car- 
diac arrest dictates the futility of resuscitation efforts. 
Resuscitation in these circumstances may represent 
a positive violation of an individual's right to die 
with diginity. When CPR is considered to be contra- 
indicated for hospital patients, it is appropriate to 
indicate this in the patient's progress notes. It also 
Is appropriate to indicate this on tlie physician's order 
sheet for the benefit of nurses and other personnel 
who may be called upon to initiate or participate in 
cardiopulmonary resuscitation. 

Conference Recommendations for 
Advanced Life Support 

1. Every hospital- must have a written plan and a 
mechanism for advanced life support consistent with 
available personnel, eiinipment, and facilities, and 
available throughout the installation on a 24rhour- 
per-day basis. This plan should be tested regularly and 
should be reviewed annually by the responsible hos- 
pital CPR/ECC committee. 

2. Lack of CPR certification should not, per se, pre^ 
vent adminiatoation of advanced life support by prop- 
erly trained medical, nursing, and allied health per- 
sonnel in an emergency situation. 

Conference Recommendations 
on Necessary Legislative Action 

1. It ia recommended that state legislation be dari-^ 
fied to albw professional allied health personnel who 
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are rendering emergency care outside of the hospital 
and ar^ certified in advanced life support to function 
-with TDBsdinuni effectiveness. Such legislation must 
provide specifically that individuals certified in ad- 
vanccd life support he. permitted to function wheii a 
^physician is not preaenjb» provided, however, that such 
certiiied .person is under the general supervision of 
a. physician. General supervision is defined as direct 
oi: remote supervision by continuous or intermittent 
communication, tvith a licensed physician to assure 
physician involvement in decisions reqiiiring such in- 
Tolvement. .This requirement for supervision by a 
physician shall not he interpreted to mean that such 
life-saving procedures as cardiac defibrillation, appro- 
priate drug therapy, and other measures should ever 
be withheld when the circumstances demand such ac- 
tion according to the training standards for emergency 
medical technicians functioning in this capacity. 

2. It is recommended that all ..hospital and other- 
acute care facility staff and employees who are in- 
volved in direct patient care in any capacity mnsi be 
certified in basic life support and should have knowl- 
edge of and be involved in the CPR plan of that 
facility, 

3. It is recommended that all county^ state, and na- 
tional medical organizations make serious and con- 
certed efforts to (a) clarify the Medical Practice Act 
in their state in terms of its application i» per&ond 
rendering basic and advanced life supiH>rt and (fi) 
establish an official "mechanism to apprpve CPU* 
courses given in accordance with American Heart As- 
sociation standards and by .instructors certified ac- 
cording to American Hedrt Association standards. . 

4. It is reconuu^ded that national certification be 
established to ensure that those trained in basic life 
support and advanced life support have had appro- 
priate training according to American Heart Associa- 
tion standards. and are prescient in the application of 
that training. 

5. It is recommended that qualified immunity (ie, 
for acts done in gtK>d faith and not involving gross 
iiegUgence or wiilfu), wanton, or reckless misconduct) 
be provided for those cerUfii^ in basic or advanced 
life support. 

. 6, It is recommended that a declaration of the im- 
munity provided by common law for lay persons who 
eithoir have not been certified or have not been trained 
in basic life support should be prepared and publicized 
widely; 

7. It is recommended that immunity from civil lia- 
bility for certified instructors and associations that 
are involved in instruction in aocdirdahce wilh the 
Ainerican Heart Association stanSatds should be pro- 
vided. 

8. it is recommended that all policemen, firemen, and 
other first-line responders be trained and certified in 
basic life support as a necessary and indispensable 
job requiremenl AD professional- emergency depart- 
ment personnel should have adequate training and 
certification in basic and advanced life support. 
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9. tt inust be established and properly promulgated 
that policemeii and any law enforcement official, or 
any individual functioning in a similar capacity, have 
an affirmative obligation (©) to defer to a person more 
qualified than themselves in the delivery of basic life 
Support and (b) not to, interfere in an ongoing effort 
at stabilization of an individual receiving basic life 
support until a reasonable, mutually agreeable depision 
is made by that individual and the rescuer that trans- 
portation or other appropriate measures in the de- 
livery of care be initiated. 

Conference Recoinniendatlon^ 
on Iniplemefltatton of Standards 

To as3\]re maximum effectiveness, the Conference 
recommends that its standards, as contained in this 
statement, be adopted and impl^ented by the* follow- 
ing agencies and organizations : 

1, The Joint Commission on Accreditation of Hos- 
pitals, insofar as they apply to hospitals. 

2. State regulatory bodies for promulgation of 
standards and recommendations. 

^ 3. Professional medical and alliied health associa- 
tions, for the purpose of issuing statements jointly 
or individually for maximum dissemination of these 
standards, to ensure uniforznity in their application 
aiid to protect both those who act in accordance with 
them and the emergency victiin. 

4. The American Heart Association, in taking all 
necessary steps to disseminate these standards broad- 
ly, including appropriate programs, training materials, 
and publications, and by seeking support for such 
dissemination from appropriate foundations, federal 
agencies, medical organizations, and other sources. 

5. The American National Red Cross and. other life- 
saving agencies, charged with the responsibility of 
providing adequate training to nonprofessional res- 
cuers* and the general public. 

6. All government health care services and facilities. 

7. Other responsible agencies, and org^zationa, in- 
cluding medical, dental, and nursing schools; airliziea; 
industry; and sports centers. 

It is further recommended that this statenient. be 
given the widest possible publication, reptiblication, 
and distribution in its comply form, br in its in- 
dividual parts, provided proper .pirocisdttres are followed. 

Referencee 

American Heart ABsociation (AHA) 

1. Bmei-fferuiy Reni8citaii<yn Team Manual: A mapttal Flan. 
New York: AHA, 1968. (BM4a9) 

2. Emergency Mea^urea in CarHapulmonwry ReeuzcitaiiotL 
(Revised), New York: AHA, 1969. (BM376A) 

S. Definitive Therapy in Cardi9pxilmonary Reiuseitation (Re- 
vised). New York: AHA.. 1971; (EM:S77A> 

4. Cardiopulmonary Beauhcitaliah: A Manual for Iristructore. 
NcW York: AHA, 1S67. (EM4d8) 

5. Training of Ambulance Peraonnvl in Cardiopulmondrff Re 
etiecUatton. New York: AHA, 1965: (EI2I888A) 

6. The DentiaV'e Role in Ctzrdiopulnumary Re'staeitation* New 
York: AHA, 1968. (EH407A) 

7. Tr'ainhiff of ZAfeffxtarde. in Cdrdiopulinonarp Restudtation* • 
New Yark: AHA, 1970. (EM438A) 

Standards for CPR and EGG 865 



PAGE 50/61 * RCVD AT 4/8/2008 5:25:17 PM [Eastern Daylight Time} * 8VR:USPTO^XRF-5/46 ' DN1S:2738300 * CSID:312 258 1389 ' DURATION (mm-ss): 27-54 



Apr-08-2008 04:15 PM FRIEDMAN & FRIEDMAN 3122581389 

r. ■ . • ' ■ ■ 

f ... 



National Academy of Sccenees-Naiional Bteeaxch Council - 
(NAS-NRC) 

8. .Cardiopuhnonary Resascitatipii: Statement by the Ad Hoc 
Comniittee on Cudlopfibnonary ResuacitaldDn of the i)lviaion of 
Medical Sciences^. National Academy of Soiencos-Nataonal Re- 
aeaxch Cbuneil. JAMA, 198:372^79, 1966,- 

9. "Aceide&tal Death o&d Disability: The Neglected Disease gf 
Modem Society," Co'mTnittee on TraTima and Corsmlttee on 
Shoclc, Division, of Medical Sciences. "Waihlngton, DC: NAS-NRC, 
September 1966. 

10. Cardxoptdm<mary Jiesuacitation: Conference Proceedings, 
May 23, 1966. Washington, DC: NAS-NKG* 1967. (Pulilieatioii 
14W) .. 

H» 'Wedieal RequSjremettts for Ambulaube Design and Eciiup> 
meat.'' . Cbnimittec on Smcrgency Medical Services, Di'visioii Of 
Medical Sciences, Washington, DC: NAS-NRO, September 1968. 
(Poblicatioa USGPO I&70 0-881-725) 

12. "Ambulanco Deaign Criteria.*' Coznmittisa on Ambulajice 
Design Criteria of the Highway Research Board,.Divjsion of ESn- 
gineering. Wofihtngton, DO: NAS-NBC, Jane 1969. 

IS; TTaiyiinff of Ambulance Persimtiel and Othera ReapbnnbU 
far EmSrgenc^ Care of the SitH and Tnfttred at ike Sc^no and 
ZHtHng Trartsportp-tion. Committee on Emergency McfUcal .Ser- 
vices, Division ol Medical Sciences. Washington*' DC ; i<7AS-NBG, 
" March 1968. (Pablication USGi'O 1970 0-S81-726) 

14. **Advanc£d Training Program for Emergency Mcdlc.al Tcah- 
nician-Axtibulance." Committee on Emergency Medical Services, 
Division of Medical Sciences. Washington, DC: NAS-NRC, Sep- 
tember 1970. . . . 

1$,. "Roles and Resouveea of Federal A£:ieneiies in Support of 
Comprehenuve Emergency Medical Services:" Division of Medical 
Sconces, WaBhintto«i» DC: NAS-NBC, Mareli 1072. 

InteT-Sodety Coznmission for Heart Disease Resources 

16. Cardiovitscuiar . dStfease— Acute care. Ctrctdatwn 43:A97- 
Aiaa, January 1971. , . . . 

17. RcsonrccB for i^e managenient of exhergeneies in Kyper- 
tensjon. Circuldtion 48!A157-A160; March 1971, 

18. .Resonrces for the acnte.care of .peripheral vascnlar dis- 
co sea. Circulation 45 ! A161-A169, April 1971. 

19. Resources for the optimal care of patients with acot^ myo- 
cardial infarction. Circulation 43:A171-A1S3, May 1971. 

20. Resources for the bptitiial care of acute respiratory failure. 
Ctrcutatiott 48:A18G-A196p Jnna 1971. 

21. Electronic equipment in critical care areas. Part II> The 
elcctriciU cbvironmenK Circ:2Zet(»on 44 :A237-A24d,. October 1971. 

22. Czittcat perfozmcince criteria-defibrlllatora. Instrnmentk- 
tion Study Group. Csrectfation 47:AS^9^A391» June 1973. 

' Other' GoTernnfent Agencies 

23. US Department of Tran^ortatidn, Natiohal Highway 
Safety Bureau. "Basic Training Program for Emergency Medical 
Technicion-Am^ul^ricct Concepta. and Recommendations,*' 1969. 
(Publication USGPO 1970 O-STE-SftS).. 

24. US Department of Tifonsportation, National Highway 
Safety Bureau. ."Basfc Training Program for Emergency Medicsd 
Technician-Ambulance: Course Guide and Course Coordinator 
OHcaftatibn Program/* 1969. (Publication USGPO 1970 0-372- 
389). 

26^ US Department of Transportation, Natioiial Highway 
Safety Bureau. "Baiic TTaininlf Program for Emergency. Medical 
Technician-Ambulance: Instructor*3 Lesson Plans," 1969. (Pub- 
lication USGPO, Catalogue No. TD 2^8 :EM 3/3, 196d>. . 

25. US Deportment of. transportation, NationxU Highway 
Traffic Safety Administration^ ''Comtaunleations-Guidelines for 
Emergen^ Medical Services." Washington: Govemmeni Print- 
ing O^ee, 1972. 

27. US Department of Health, Education and Welfare, Health 
Services and Mental Health Administration. ^'Emergency Medical 
Sarvicea. Communication Systems," AugliS: 1972. (DHEW Pub- 
lication Ni. HSM 73-2b03>. 
. 2S. US Departm^t of Health, Education, and Welfare. Public 
.Health Service. "Compendium, of State Statutes on the Regula- 
tion of Ambulance Servicea, Operation of Emergency Vehicles, 
and Good Samaritan Lavrsf* Health Services and Mental Health 
AdoiinistTation, Division of Emergency Health Services (Re- 



vised), 1969. (Publication USGPO 1&69- 0-353-618 . 

29. US Department of Health, Education, and Welfare. Public 
Health Service. "Emergency Health Services Selected Bibltog- 
raphy.'* Health Services and Mental Health Administration, Di- 
vision of Emergency Health Services, id70. (Publication USGPO 
1970, 0-864-043). 

Professional Medical Societies 

80. Afncrkan College of Surgeons Committee on Trauma. A 
curriculum for training emergency medicsl technicians. Bvll 
Am Coll SurffconB 54:273-276, 1989. 

81. A'merican College of Surgeons. Committee on Trauma. jSs- 
sctttial equipment for ambulances. JBitU Am Coll Surgeons 6S; 
7-13, 1970. 

32. American Academy of Orthopaedic Surgeons. Emergency 
C^re and Transportation of the Sick and Injured, by the (Com- 
mittee on Injuries. Chicago: AAOS^ .1971. 

33. American Medical Association. Commission on Emergenty 
Medical Sevices. Developing Emergency Medical Services: Guidc^ 
lines for Community Councils^ Chicago: AMA, 1973. 

34. American Society of AneaUiemolo^sts. Communil^-'Wfde 
emergency medical services: Recommendations by the Committee 
on Acute' Medicine, of the American Society of Anestheaiologists. 
JAJilA 204:695-602. 1968. 

Private Groups 

36. Manually operated resuscltatozs. Health Devices 1:13-17, 
Aprai971, 

3$. Inspection of deObrillatois. SetUth Devices l:109-il3, Au- 
gust 1971. 

37. Battery-operated defibrillator/monitors. Health Deviceo 2: 
87-103; February 1973. 

38. Line-Qperated syncliroDized de&brillatocs. Health Devices 
2:117-m» March 1973. 

39. External Cardiac compressors. HiaUk Devices 2:iS6-161, 
AprU 1973. 

Individual 

'40. Yn PN: Pre-hospitbl. care of acute myocardial infarction. 
• Circulation 45:^89-204, 1972. 

41. Don Michael TA, Gordon AS: Esophageal obturator alr- 
>vay: A new adjunct for artlflcial ventilation. Proceedings, Na- 
tional Conference on Standards for CPR and ECC, NAS-NRC, 
Washington, DC, to be published. 

SdurcQs ti Refers nces 

A* Anterican -Heart ABsociation, Comnditee on Cardiopulmo- 
nary Rcsuscitatiou and Emergency Cardiac Caro,. 44 E ^rd St, 
New York 10010. Also available from affiliates. (References 1-8, 
39) . . 

B. Division of Medical Sciences, National. Academy of. Sci- 
ences-National Research Council, 2101 Coaetltution Ave, Wash- 
ington, DC 2Q418. (References 8-9, 11, 14-15) • 

G. Information Clearinghouse, Division of .Emergency Health 
Services, Health Service's .^nd Mental Health, Administration, 
6600 Fishers Lane, RockviUe, MD 20S62. (References 9, 13-14. 
27) 

D. Amernan Medical AssociaUon, Commission , on Emergency 
Medical Services, 585 N Dearborn St, Chicaga 60610. (References 
M»33) 

E, Printing and Putlishing Office, National Acadeiny of Sci- 
ences, 2101 Constitution Ave, Washington, DC 20418. (Reference 
lOV 

P.- Superintendent of Documcntsi US Government Printing 
0£5ce, WasHngton, DC 20402. (References. 11-18, 23-26, 28-29) 

6. Inter-Society Commission for Heart Disease Resources, 44 
E 2Srd St, New York lOOia (References 16-22) 
. H. American College of SqTgeons, 65 B Erie St, Chteago 60611. 
(References 30-31) 

I. American Academy of Orthopaedic Surgeons, 430 N Michi- 
gan Ave, Chicago 60S11. (Reference 82) 

J.. American Society of Anesthesiologists^ Cbmmittee on Acute 
Medicine, 516 Busse Hwy, PorX Ridgo, IL 0068. (Befarenee 34) 

E. Emergency Cara Research- Institute. 913 Walnut Stj Phila^ 
ddphia 19107. (RefereJicea 35-89) 



868. JAMA, Fob 18, 1974 • Vol 227, Ko 7 Stahdaras- for-CPR and ECC 



PAGE 51/61 « RCVD AT 4/8/2008 5:25:1 7 PM [Eastern DaytigM Time] * 8VR:U8PTO-EFXRF-S/46 * DN1S:2738300 ' CSID:312 258 1389 ' DURATION (mm-ss): 27-54 



Apr-08-2008 04:16 PM 



FRIEDMAN 8r FRIEDMAN 



3122581389 



52/« 



Appcmdfx 

Participants at National Conference 
Washington^ DC 



Panel Members 



Panell: Basic Life Support 

Ckairman: Archer S. Gordon* MD 
Cochairman:^ Joel J. Nobel, MD 



Panel III: Medicolegal Aspects of GPS and ECC 



Chaimatt: Sevin M. Mdntyre, MD 
Ccehairman: Kobert D» Huber, JD- 



Berlcebile, P. 
Bienvenu, 0. J. 
Bossernian, H. 
Brummitt, W. M. 
Biirnap, T. K. 
Campbell, J. 
Bail, C. P. 

Pel Guercio, L, R, M. 
Dick, W. 



Don Michael, T. A, Mougeon, E. 
Eberhart, C, M. Oswald, R. 
Blafh, J. O. 
Hampton, A. 
Hendrsrson, I» "E. 
Johnson, J, - 
Jude, J, R. 
Kaplan, B. 
Lund^ I. 



Owen, W. D. 
Reanikov, L. 
Russell, C. W. 
Saf ar, P. 
Schowalter, E. J. 
"Stephenson, H. 
Thiessen, A. W. 



Bernzweig, E. 
Carter, W. 
Chayet^ N. 



Coombs, J. 
Dalen, J. E. 
GibbS, R. 



Jessiman, A, i 
Reed, C. 
Sagall, E. L. 



Panel IV: Emergency Cardiac Care (ECC) Systems 

Chainnan: Leonard Scherlis, MD 
Coc/Batrmon.* Malcolm R. Paricer, MD 



Panel II: Advanced Life Support 

Chairman: Arnold Sladen, MD 
CockaxTTnan; Donald H. Bembo^ HD 



Alvarez, H. 
Benson, D. 
Berenyi, K. 
Burleson, J. 
Crui, J. 



Be Leo, B. C. 
Goldberg, A. 
Kaplan, B. 
Kent^X. 

Knickexbockerj G. G. . 



Pyf er, H. 
Rattenborg, C. 
Samofr, S. 
Seinler,H. • 
Weil, M. H. 



Ailshie, G. 
Baker, R. 
CTarveih, S. 
Cobb, L. A, 
Grampton, K. S. 
Duggan, J. J. 
Easley, R. 
Edlevich, S. 
Espodito, G. 
Gallo, R. 
Gold, S. 
Graf, W. S» 



Griffiths, A. H. 
Herman, L. 
Hill, L. 
Jorde, A. 
Lambrew, C. 
Lewis, A. J. 
Lewis, R. P. 
McDermott, S. 
McMahon, M. 
Nagrel, E. L. 
Nolte, C. 
Oschcrwitz, HL 



.Panfcridge, J. F. 
Parker, S. 
Romano, T, 
Rose, B. 
Rose, L. 
Sergant, 
Simmons, R. 
Swanson, L. W. 
Wagner, P. 
Whipple, G. H. 



National Organizations Represented 

Ambolance Association of America 

American Academy of Orthopaedic Surgeons 

American Academy of Pediatrics 

American Association of Inhalation Therapists 

American Association of Physician Assistants 

American College of Cardiology 

American College of Chest Physicians 

American College of Emergency Physicians 

American Coilege of Physicians 

American College of Sports Medicine 

American Heart Association 

American Hospital Association 

American Medical Association . 

American National Red Cross 

American Society of Anesthesiologists 

American Thoracic Society 

Boy Scouts of America 

Canadian Heart Foundation 

Canadian Red Cross 

Emergency Care Research Institute 

International Association of Fire Chiefs 

National Association of Underwater Instructors 

National- Emergency Department Nurses Association 

National Research Council-National Academy of Sciences 

National Surf Life Saving Assodation of America 

Royal Life-Saving Society of Canada 

Society for Critical Care Medicine 

US Department of the Army 

OiBce of the Surgeon General 

Walter Heed Army Institute of Research 
US Department of Defense- 
Defense Civil Preparedness Agency . 

JAMA, Feb 18. 1974 • Vol 227, No 7 



US Department of Health, Education and Welfare 
US Public Health Service 
Health Services and Mental Health Administration 
Division of Emergency Medical Services 
National Heart and Lung Institute 
National Institutes of Health 
Regional Medical Programs Service • 
US Department of the Navy 
US Naval Hospital 
National Naval Medical Center 
US Department of Transportation-National Highway 

Traffic Safety Administration 
US Veterans Administration 
White House-Assistant Physician to the President 
Young Men's Christian Association 

American Heart Association Affiliates 
and Chapters -Represented 

Alabama Heart Association 
Arizona Heart Association 
California Heart Association 

Central Valley Heart Association 

Long Beach Heart Association 
; Sacramento-Yolo-Sierra Heart Association 

San Francisco Heart Association 
Chicago Heart Association 
Colorado Heart Association 
Connecticut Heart Association 

Heart Association of Central Connecticut^ Inc. 

Heart Association of Greater Hartford 

Heart Association of Greater New Haven 
Delaware Heart Association 
Washington, DC, Heart Assodation 

Standards for CPR and ECC e«7 



PAGE 52/61 ' RCVD AT 4/8/2008 5:25:17 PM [Eastern Daylight Time] * 8VR:USPTO-EFXRF-S/46 * DNIS:2738300 * CSID:312 258 1389 * DURATION (mm-ss): 27-54 



Apr-08-2008 04:16 PM 



FRIEDMAN & FRIEDMAN 



3122581389 



53/61 



Florida Heart Association, Inc. 

Northwest Florida Heart Aasodatioii, Inc. 
GfiorgU Heart Assoclatibn 
BlinoiB Heart Association 
Indiana Heart Association 
Los Angeles County Heart Aasoelation 
Louisiana Heart Aasociation 
Maine Heart Association 
Heart AsBociation of Maryland 

Central Maryland Heart Association 

Heart Aasocialion of Southern Alaryland 
Massachusetts Heart Association 

Greater Boston Heart Association 
Michigan Heart Association 
Missouri Heart Association 

Kansas City Heart Association 
Nebraska Heart Association 
American Heart Association-NcDB? Jersey Affiliate 
New Mexico Heart AsBOciation 
New York Heart Association 
New York State Heart AsBembly 

H«art Chapter of Dutchess County 

Suffolk County Heart Association 

Heart Association Upstate New York 

Heart Association WeAtam New York- 
North Carolina Heart Association 
North Dakota Heart Association 
American Heart Association-Ohio Affiliate, Inc. 

Central Ohio Heart Chapter, Inc. 

East Central Ohio Chapter, Inc. 
Oklahoma Heart Association 

Tulsa County Heart Assodation 
. Oregon Heart Association 

American Heart Afisociation-Pennaylvania Affiliate 

Puerto Bico Heart Association 

SouHi Carolina Heart Association 

Azoerican Heart Aasodation San Antonio Chapter 

Vermont Heart Aasociation 



Virginia Heart Assodation 

Heart Association Northern Virginia 

Bichmond Area Heart Association 
Washington State Heart Aaaociation 
Wisconsin Heart Association 

Medical Schools Represented 

Albert Einstein College of Medicine of Yeshiva University 

College ol Medicine and Dentistry of New Jersey 

Cornell University Medical College 

Bhnory University School of Medicine 

George Washington University School of Medicine 

Harvard University School of Medicine 

Howard University College of Medicine 

Loyola University, Stritch School of Medicine 

Mayo Medical School 

Medical College of Pennsylvania 

Medical College of Wisconsin 

Michigan State University College of Human. Medicine 
Northwestern University Medical School 
Ohio State University College of Medicine 
State University of New York at Stony Brook, 

Health SclencCB Center School of Medicine 
Temple University School of Medicine 
University of California at Los Angeles School of Medicine 
University of Iowa College of Medicine 
University of Maryland School of Medicine 
University of Miami School of Medicine 
University of Pennsylvania School of Medicfane 
University of Pittsburgh School of Medicine 
University of South Florida College of Medicine, Tampa 
University of Southern California School of Medicine 
University of Texas Medical Sdiotd, Dallaa 
University of Texas Medical School, San Antonio 
University of Ulm, West Germany 
University of Virginia School of Medicine 
Washington University School of Medicine 
Wayne State University School of Medicine 



aw JAMA, Feb 18, 1974 » VoJ 227, No 7 



Standards for CPR and ECC 



PACE 53/61 * RCVD AT 4/8/2008 5:25:17 PM [Eastern Daylight Time] * &VR:USPTO'£FXRF-S/46 * DN1S:2738300 * CSID:312 258 1389 ' DURATION (mm-ss): 27-54 



Apr-08-2008 04:16 PM FRIEDMAN & FRIEDMAN 3122581389 



54/61 




American Heart 
Association© 

Learn andlJve^ 




^^riiJpUFW^A^^ AMERICA^ HEARl^ASSQOIA^ 



Transthoracic resistance in human defibrillation. Influence of body weight, 
chest size, serial shocks, paddle size and paddle contact pr^sure 

RE.Kerber, J Grayzel, R Hoyt, M Marcus and J Kennedy 
Circulation 1 98 1 ;63 ;67 6-682 
Circulation is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 

72514 

Copyright €> 1981 American Heart Association. All rights reserved. Print ISSN: 0009-7322. Online 

ISSN: 1524-4539 



The online version of this article, along with updated infonnation and services, is 
located on the World Wide Web at: . 
http://circ.ahajoumals.org 



Subscriptions: Information about subscribing to Circulation is online at 
bttp://circ.ahajouraals,or^subsriptions/ 

Permissions: Permissions & Rights Desk, Lippincott Williams & WilkinSi 351 West Camden 
Street, Baltimore, MD 21202-2436. Phone 410-5280-4050. Fax: 410-528-8550. Email: 
joumalpermissions@lww.com 

. Reprints: Information about reprints can be found online at 
bttp://ww\vJw\^^coin/static/htmi/repiints.htnii 



I>ownloaded from circjihajoamaIs.org by on March 4, 2006 
PACE 54/61 ' RCVD AT 4/8/2008 5:25:17 PM [Eastern Daylight Time] * 8VR:USPTO-EFXRF-S/46 ' DNIS:2738300 * CSiD:312 258 138G 



• DURATION (mm'SS):27-54 



Apr-08-2008 04:17 PM FRIEDMAN & FRIEDMAN 3122581389 



55/61 



Transthoracic Resistance in Human Defibrillation 

Influence of Body Weight, Chest Size, Serial Shocks, 
Paddle Size and Paddle Contact Pressure 

Richard E. Kerber, M.D., Joseph Grayzel, M.D.. Robert Hoyt, B.S., 
Melvin Marcus, M.Dm and Jeffrey Kennedy, B.S. 

SUMMARY Successful defibrillation depends on delivery of adequ ate el ectrical current to the heart; one of 
the major determinants of current flow is transtfaoradc re^stance (ITR). To study the factors inflcendng 
TTR, we prospectively collected data from 44 patients nndergoing emergency defibrillation* Shochs of 94-4S0 
J delivered energy were administered from specially calibrated Datascope defibrillators that displayed peak 
current flow, thereby permitting determination of TTR. Shocks wer e appl ied from standard (8»5-cm diameter) 
or large (13 cm) paddles placed anteriorly and laterally* First-shock TTR ranged from 15-143 There was a 
weak correlation between TTR and body weight (r = 0.45,p < 0.05) and a stronger correlation between TTR 
and chest width (r » 0.80, p < OM), Twenty-three patients who were deflbrlllated u^g standard 8,S-cm 
paddles had a mean TTR of 67 ± 36 S2 (d: sd), wherea s 21 p atients who receired shocks using paddle pairs 
with at least one large (13 cm) paddle bad a 21% lower TTR of S3 db 24 0 » O.OS, unpaired t test). Ten 
patients received first and second shocks at the same energy level; TTR declined only 8%, from 52 db 19 to 
4S±16Q(p < 0.01, paired t test). In closed-chest dogs, shocks were administered using a sprin g apparatus 
that regulated paddle contact pressure against the thorax. Firmer cont act p rcssinre caused TTR to decrease 
25%, from 48 ± 22 to 36 d= 17 (2 < 0.01, paired / test). Thus, hnman TTR varies widely and is related most 
closely to chest size. TTR declhies only sl^^ttly with a second shock at the same energy level. More substantial 
reductions in TTR and mcreases in current flow can be achieved by using large paddles and applyii^ firm pad- 
dle contact pressure. 



THE ELECTRICAL DOSE required for human 
defibrillation remains controversial.^ Although dose is 
usually quantified by the delivered energy^ it is the 
electrical current flow between the padcUes that ac- 
tually depolarizes a critical amount of myocardium 
and terminates ventricular fibrillation.^ Current flow is 
determined not only by the energy selected, but also 
by the transthoracic resistance (TTR). In a patient 
with unusually high TTR» current flow might be in- 
adequate for defibrillation. It would be important to 
reduce transthoracic resistance if possible. Animal 
studies have suggested that TTR can be reduced by 
using large defibrillator paddles and a low-resistance 
interface between paddles and skin,*' * However, nei- 
ther the range nor the determinants of TTR have been 
adequately evaluated in human defibrillation. 

In patients undergoing emergency defibrillation, we 
undertook a prospective investigation of several 
potentially important factors influencing TTR: body 
weight, chest size, chest wall thickness^ paddle size and 
the efiects of repeated shocks of the same energy level. 
Another possible determinant of TTR, paddle contact 
pressure, was studied in shocks applied to animals. 
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Methods 

All defibrillations were performed using Datascope 
MD2J damped sinusoidal wave form defibrillators. In 
this defibrillator, when an energy level is selected the 
energy that will be delivered into a 50-12 resistance is 
displayed; if any charge leaks ofl", the display indicates 
the decline. Thus, at the moment the defibrillator was 
fired, the exact amount of delivered energy was dis- 
played and recorded. After discharge, the peak 
current (in amperes) that flowed between the paddles 
was displayed and recorded. 

To permit calculation of TTR, each defibrillator 
was charged to energy settings ranging from 75-460 J, 
and at each energy level was fired into dummy 
resistances ranging from 15-150 12. The resultant peak 
current flow for each firing was noted and current vs 
resistance calibration curves were plotted for each 
energy level (fig. 1), Thus» knowing the defibrillator 
used, the energy displayed before firing and the 
current that resulted permitted us to determine a 
patient's TTR from each defibrillator's calibration 
curve. 

To evaluate the effect of paddle size on TTR, we 
equipped, at random, some defibrillators with two 
standard 8.5-cm-diameter paddles and Qthers with one 
standard S.5-cm and one specially constructed 13-cm- 
diameter paddle, and yet others with two 13-<^ 
paddles. Paddles were coated with Hewlett-Packard 
Redux paste, a low-resistance interface between pad- 
dle and skin,' and placed so that the anterior (positive) 
paddle was centered over the upper rigjit parasternal 
area and the lateral (negative) paddle was over the 
cardiac apex. When paddle pairs of unequal size were 
used, the smaller paddle was always placed over the 



PAGE 55/61 * RCVD AT 4/8/2008 5:25:17 PM [Eastern Daylight Time] - 8VR:USPTO-EFXRF-5/46 * DNt8:2738300 ' CSID:312 258 1389 



* DURATION Cmfn-5S):27-54 



Apr-08-2008 04:17 PM FRIEDMAN & FRIEDMAN 3122581389 



56/61 



TTR IN HUMAN DEFIB RILLATION/ JCerftcr et al 677 




FIGURE I. Typical calibration curves for 
the Datascope MD2J defibrillator, showing 
peak current flow vs transthoracic rests- 
tance at various energy leveis. This family of 
curves was constructed for each defibrilla- 
tor used by firing the defibrillator into dum- 
my resistances. Knowing the energy dis- 
played before firing and the resultant peak 
current allowed determination of the 
patient's transthoracic resistance from such 
curves. 



Resistance (ohms) 



cardiac apex. Anteroposterior paddle placement was 
not used in any patient. 

Using a protocol approved by the Human Re- 
search Committee of the Universi^ of Iowa, we pros- 
pectively collected data on 44 patients undergoing 
emergency defibrillation. Body weights ranged from 
20-159 kg (mean 72 kg). The clinical diagnoses of the 
patients varied widely. Half the patients were known 
to have cardiac disease: chronic ischemic heart disease 
(10 patients), acute myocardial infarction (eight 
patients), valvular heart disease (three patients) and 
congestive cardiomyopathy (one patient). Fourteen 
patients had primarily noncardiac disorders, includ- 
ing sepsis (three patients), severe diabetes (two 
patients), pulmonary emboUsm (two patients), cere- 
bral vascular accident (two patients), renal ifailure 
(one patient), lymphoma (one patient), metastatic car- 
cinoma (one patient), severe lung disease with CO2 
retention (one patient), and chronic osteomyelitis (one 
patient). In eight patients defibrillated on or shortly 
after admission to the hospital, insufficient informa- 
tion was available to establish a diagnosis. Physicians 
administering shocks were advised to select an initial 
energy dose of 2 J/kg body weight, which would result 
in an initial shock of 1 50-200 J for the average adult, a 
dose shown by others to be eifective in most patients.^ 
If the first shock failed to defibrillate, the shock was 
repeated using a dose of 4 J/kg, then 6 J/kg. This 
protocol was followed in most cases; some patients 
received several shocks at the same energy dose, which 
ranged from 100-400 J. In all cases, delivered energy 
was displayed before firing, and peak current after fir- 
jngwas recorded and used to calculate TTR. 

The effects of paddle contact* pressure were studied 
in closed-chest dogs anaesthetized with chloralose- 
urethane and ventilated mechanically. Contact 
pressure was assessed in four dogs by designing a 
paddle-holding apparatus that enabled the operator to 
adjust the tension of a spring scale connecting the pad- 



dle levers and thereby to select paddle contact pressure 
against the thorax. We estimated light contact | 
pressure with hand-held paddles to be the equivalent . 
of 10 N of tension in the paddle-holding apparatus. I 
Firm pressure was estimated to be equivalent to 50 N - 
of tension, equivalent to a fivefold increase in efiFective * 
contact pressure. Values of peak current obtained at \ 
these tensions were similar to currents obtained in / 
preliminary animal studies that used lightly and \ 
firmly applied hand-held paddles. The paddles were 
coated with Redux paste, mounted in the holding ap- 
paratus and applied to a shaved chest. In additional 
studies in three of these dogs, no paste was used and 
bare paddles were applied to the shaved skin. Shocks 
were synchronized to the R wave of the ECG in these 
dogs and delivered wh^n the lungs were at peak in- 
spiration. Light and firm pressure shocks were given in 
random order using 8.5-cm or 13-cm paddles and a 
20- or 40-J energy dose. 

We reasoned that TTR might be related to the 
physical separation between the paddles, and that this 
would in turn be related to chest width (i.e., lateral 
chest diameter), as anterolateral paddle placement 
was used, and possibly also to the thickness of the 
chest wall tissues- Therefore, we reviewed chest x-rays, 
which were available in 29 patients. On the postero- 
anterior films, we measured the maximal chest width 
between outermost skin folds. From the lateral chest 
x-rays (available in 20 patients), we measured the dis- 
tance between the anterior skin and the manubriuni- 
sternum junction (i.e., anterior chest wall thickness in 
the region where the anterior paddle was placed). 

Statistical Analyas 

Linear regression analysis was performed to deter- 
mine the relationship between first-shock TTR and 
body weight and that between TTR and the chest 
x-ray measurements. To determine the effects of pad- 
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Tadwi 1. CorrelaiioTis Beiufcen 7*Tansthoracic T^^i^lancr and lis Potential Dcicrminanln 



Determinant 


Paddle size 


n 


r 


V 


Slope 


Izitercepl 


Body weight 


AJl sizes 


44 


0.28 


NS 


— 


— 




Standard* 


21 


0 45 


< 0.05 


0.57 


29 




Largcf 


23 


0.15 


NS 






Chest width 


AJl sizes 


29 


0.53 


< 0.05 


3.4 


-71 




.St&ndard 


14 


0.80 


< 0.01 


5.5 


-131 




Large 


15 


0.51 


< 0.05 


3.4 


-84 


Chest wall thickness 


Alt sizes 


20 


0.4w5 


. < 0.0.5 


n.4 


25 




Standard 


8 


0-27 


NS 








Large 


12 


0.50 


< 0.05 


14 


17 



"Two 8.5-cin-diameter paddles. 

fTwo 13-cin.diaineter paddies or one 13-cm and OJie S.-Vcm paddle. 



die size on TTR, we used an unpaired t test to com- 
pare the group shocked with two 8,5-cm paddles and 
the group shocked with one or two l3.5-cni paddles. 
We used the paired t test to compare the effect of 
repeated same-energy shocks in patients and the 
effects of variable paddle contact pressure on TTR iu 
dogs. All results are reported as mean ± sd. 

Results 

Range of TTR and Correlation 

with Potential Determinants (table I) 

The mean first-shock TTR for the whole group 
ranged from 15-143 « (mean 60 ± 31 ft). 



TTR and Paddle Size 

Figure 3 shows first-shock delivered energy and 
TTR using two standard (8.5 cm) paddles (n - 2!) 
compared with that using one or two large (13 cm) 
paddles (n = 23). The mean delivered energy received 
by the two groups was virtually identical: 226 ifc 94 J 
{standard paddles) vs 230 db 104 J (one or two large 
paddles). However, the transthoracic resistance of the 
patients receiving shocks from one or two large 
paddles was 21% lower: 67 ± 36 fi (range. 16- 143 Q) 
using standard paddles vs 53 ± 24 ft (range 15-132 ft) 
using large paddles {p = 0.05). ■ 

We also subdivided the large-paddle group into 
patients who received shocks from one large and one 



TTR and Body Weight 

There was no correlation between TTR and body 
weight for the group as a whole (r - 0.28, p — NS) or 
for subgroups of patients who received first shocks at 
the same energy level. Because TTR is afiected by 
paddle size (see below), we also performed linear 
regression analysis of subgroups of patients who 
received shocks from standard paddles only and from 
one or two large paddles. There was a significant but 
weak correlation between TTR and body weight 
(r = 0.45, p < 0.05) for the group of patients shocked 
with two standard-size paddles. Three of 21 patients 
who. received shocks from standard paddles weighed 
more than 90 kg, as did six of 23 patients who re- 
ceived shocks from large packlles {p = NS). 

TTR and Chest Size 

Comparison of the TTR values of the entire group 
with the chest x-ray measurements showed statis- 
tically significant but weak correlations between TTR 
and chest v/idth (r = 0.52, ;? < 0.05) and chest wall 
thickness (r = 0-45, p < 0.05). Separating the patients 
into two groups based on paddle size substantially im- 
proved the correlation with chest width (r = 0.80, 
p < 0.01) in patients shocked with two standard 
paddles (fig. 2). 




Chest Width - cm 

Figure 2. TrartSlhoracic resistance (TTR) vs chest width. 
A good correlation between these two variables is present 
for patients shocked with standard size paddies. 
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Figure 3, Effeci of paddle size on trans- 
thoracic resistance {TTR). Both groins 
received shocks of similar energy levels, but 
the patients shocked with one or two large 
paddles had significantly lower TTR (paired 
t test). 8.5 cm paddles = two standard size 
paddles; 13 cm paddles = two large paddles 
or one large and one standard paddle. 



standard paddle (nine patients) and those who were 
shocked with two large paddles (14 patients). The 
mean delivered energy of the one large/ one standard 
paddle group was 199 i 88 J vs 255 ± 109 J for the 
two large paddle group (p = NS). The corresponding 
TTRs were 47 ± 19 Q vs 56 ± 26 0 (p = NS). 

Effect of Repeated Same^nergy Shocks on TTR 

Ten patients received their first two shocks at the 
same energy level, which ranged from 100-400 J. The 
mean energy for both shocks was 235 ± 91J. Figure 4 
plots the TTR and peak current of these two shocks. 
TTR declined only 8%, from 52 ± |9 to 48 ± 16 Q 
(p < 0.01); peak current increased only 4%> from 
46 ± 16 to 48 d= 16 A (p < 0.01). TTR showed no 
decrease and therefore current flow showed no in- 
crease with the second shock in three of these 10 
patients. 

Eflfect of Paddle Contact Pressure on TTR 

[ Shocks using light and firm paddle pressures (in 
random order) were delivered to nonfibrillating dogs 
I using 8.5-cm paddles coated with Redux paste and a 
\ 40-J energy dose (2 J/kg body weight). Light paddle 
' contact pressure resulted in a TTR of 48 ± 22 
. whereas with firm contact pressure TTR was 25% 
lower. 36 ± 17 ft (p < 0.01) (fig. 5). Peak current flow 
was 21 ± 8 A with low contact pressure and 23 ± 6 A 
with firm pressure (p < 0.01), a 10% increase (fig. 5). 
Using large (13 cm) paddles and a lower energy dose 
I (20 J), low contact pressure resulted in a TTR of 
«42 ± 4 ft and a peak current flow of 15 ± 1 A. Firm 
contact pressure resulted in a TTR of 29 ± 1 ft 
*(p < 0.01), a 31% lower value, and a peak current flow 
!of 18 ± 0 A (p < 0.01), a 16% increase. Similar de- 
icreases in TTR and increases in peak current occurred 
with firm pressure even when bare paddles were ap- 
. plied to the shaved skin. With 8.5-cm paddles and a 
.40-J energy dose, TTR decreased from 95 ± 15 to 



60 ± 6 ft (p < 0.05) as contact pressure was increased 
from light to firm. Peak current flow increased from 
14 ± i to 18 ± 1 A (p < 0.05). 

Discussion ^• 

The main findings of this investigation are (1) the 
range of TTR in humans is very wide; (2) TTR is 
weakly related to body weight and more strongly to 
chest width; (3). TTR is lowered and current flow in- 




1st Shock 2nd Shock 

235 ± 91 joules 235 ± 91 joules 
46+16 amps 48+16 amps* 



Figure 4. Effect of same-energy shocks on transthoracic 
resistance (TTR), A second shock at the same energy level 
resulted in a significani but small decline in TTR and an /n- 
crease in peak current flow. 
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Figure 5. Effects of paddle contact 
pressure in dogSs Firmer paddle contact 
pressure against the thorax (higher tension 
in the spring apparatus) resulted in a signifi- 
cant decrease in transthoracic resistance 
(TTR) and an Increase in peak current flow. 



-cr^eased by usiog paddles larger than those generally 
manufactured; (4) TTR is lowered and current flow in- 
creased by applying paddles firmly to the, chest; (5) 
although TTR is lower during a second shock of tiie 
same energy as the first, this decline and the resultant 
mcrease in current flow are very small and of 
questionable clinical significance. 

Tacker and co-workers, in animal and human 
studies,"'^ found that the energy and current necessary 
to defibrillatc were directly related to body weight and 
that heavy subjects required higher energies. These in- 
vestigators suggested that presently available defibril- 
lators may provide inadequate energy and current to 
defibriUate some heavy patients, and called for the 
construction of more powerful units* Other workers 
have vigorously disagreed, finding that present 
defibrillators are adequate to defibrillatc virtually all 
patients, including heavy ones.^^* Assuming that some 
heavier patients may heed higher energies to defibril- 
late, one possible mechanism consistent with the 
studies of Ta cker et al.,*"^ is that heavy subjects have 
higher TTR. Our data show that TTR is weakly 
related to body weight. However, TTR is more clearly 
related to chest width, a relationship also noted by 
Ewy et al.," who studied patients undergoing elective 
cardioversion with anteroposterior paddles and found 
a similar relationship (r - 0.82) between TTR and 
anteroposterior chest diameter. If the energy selected 
is low and therefore marginal for defibrillation,* a high 
TRR might result in inadequate current flow and 
failure to defibrillatc a heavy, big-chested subject. 

Although the threshold current for human defibril- 
lation has not been established, we have noted success- 
ful defibrillation with peak current flow as low as 0.21 
A/kg body weight** Patton and Pantridg^* found 
that the mean current required to deflbrillate was 0.35 
A/kg. Using the latter figure, a 100-kg subject would 
require a peak* current flow of 35 A to deflbrillate. 
Figure 1 shows that a defibrillator capable of deliver- 
ing 400 J would generate more than 35 A of current 
across the chest if the transthoracic resistance were 
less than 130 0, which was the case in 41 of our 44 
patients. Three patients in our study had TTR greater 
than 130 fi; their body weights were 80, 90 and 159 kg. 
The presumptive current requirements for defibril- 



lation in these three patients, using a threshold of 0.35 
A/kg, would be 28 A, 32 A and 56 A. A 40O-J defibril- 
lator would generate adequate current to defibriUate 
the first two of these heavy patients, but would fall 
short of the current necessary to deflbrillate the 
heaviest patient, who had a TTR of 137 Q. This 
theoretical analysis is in ageeement with published 
data^"^® indicating that in most patients the. widely 
available 400-J maximal energy defibrillators are 
adequate, but it suggests that in an occasional very 
large patient, the current flow from such defibrillators 
may be insufiicicnt. Because TTR can be decreased by 
use of large paddles and firm contact pressure, such 
maneuvers might be of critical importance in a very 
large patient with high TTR. 

In a preliminary communication of ours in 1978," 
the relationship between TTR and body weight failed 
to achieve statistical significance. That report was 
based on 23 patients and is superseded by the ex- 
panded number of 44 patients we report now, where 
the relationships between TTR and body weight and 
TTR and c^est size proved to be statistically signifi- 
cant. 

A transthoracic resistance of 50 Q is assumed when 
reporting the delivered energy of shocks." Although 
this figure is useful for standardization of defibril- 
lators, it is a great oversimplification if used to es- 
timate the anticipated current flow, as the range of 
TTR we encountered varied eightfold, firom 15-143 fi, 
and averaged 67 Q for 8.5-cm paddles. Because even 
the best relationship between TTR and its deter- 
minants was only r = 0.80 (TTR vs chest width), it is 
very difficult to estimate accurately how much current 
will actually flow from the first shock. 

Previous studies comparing 13-cm paddles with 8- 
cm paddles in shocks applied to nonfibrillating 
anaesthetized dogs, as well as studies of el ective car- 
dioversion in humans, showed a lower TTR with large 
paddles.*- " Our study extends these observations to 
patients undergoing emergency defibrillation. At any 
given energy level, use of larger paddles will lower 
TTR, increase current flow and improve the likeli- 
hood of achieving defibrillation. This would be es- 
pecially important in cases where the current flow is 
marginal for successful defibrillation, perhaps because 
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of high TTR. The less concentrated current path 
resulting from use of large paddles probably also 
reduces the likelihood of causing myocardial necrosis 
at higher energy levels." However, overly large 
paddles could result in a substantial portion of the 
total current flow traversing extracardiac paths with- 
in the thorax, missing the heart and thereby reducing 
the proportion of current available for defibrilla- 
tion." Animal studies in our laboratory have shown 
that intracardiac current in 20-kg dogs is increased by 
using 13-cm rather than 8.5'Cm paddles.^** Moreover, 
Thomas et ai.^" found that 12.8-cm paddles were more 
effective than 8-cm paddles in canine defibrillation. 
Because the human heart is larger than the dog heart, 
it seems probable that 13-cm paddles would result in 
increased intracardiac current and improved defibril- 
lation success in humans also. Although this study 
does not establish the ideal paddle size in humans» it 
suggests that paddles larger than those presently 
manufactured should be used. 

Although firm paddle contact pressure is advised in 
defibrillation,^^ an experimental basis for this 
recommendation has been lacking. This study shows 
that firm pressure is indeed beneficial because it 
reduces TTR and increases current flow. It appears 
that a substantial proportion of total TTR is at the 
paddle-skin interface. Firm mechanical contact 
pressure probably reduces TTR by increasing the 
number of low-resistance electrical contact points 
between the paddle surface and the skin. A more uni- 
form dispersion of the electrode paste may also occur 
with higher contact pressure, but firm contact pressure 
jcedueed TTR even when bare paddles were used. 

Factors of paddle size and paddle contact pressure 
appear to be additive in reducing TTR. In the same 
dogs, standard-size paddles applied with light contact 
pressure yielded a mean TTR of 48 fl, whereas large 
paddles applied firmly reduced TTR to 29 0. Thus, in- 
creasing both paddle size and contact pressure 
resulted in a combined TTR decline of 40%. 

Studies in experimental animals*^' ^ and in patients 
undergoing elective cardioversion^^ suggested that 
TTR decreases with repeated shocks at the same 
energy level. This phenomenon was most evident 
between the first and second shocks. Chambers et aL" 
suggested that this may explain why electrical conver- 
sion from ventricular fibrillation can occur after an 
initial failure at the same energy level. Although we 
confirmed that TTR in emergency defibrillation does 
decrease with a second same-energy shock, the 
magnitude of this decline was small, and the resultant 
increase in peak current flow was only 4%. This incre- 
ment is unlikely to be meaningful in the clinical set- 
ting. A substantial increase in current flow can be ob- 
tained more reliably and quickly by selecting a higher 
energy for a second defibrillation attempt. For exam- 
ple, in the 10 patients who received a second shock at 
the same energy level as the first (235 ± 91 J), the 
current increased only 4%, from 46 ± 16 to 48 ± 16 A 
(p < 0.01). In contrast, in another nine patients, the 
delivered energy was increased by 100 J for a second 
shock, from 231 ± 52 to 329 ± 54 J. This resulted in a 



25% increase in current flow, from 50 ± 14 to 62 ± 14 
A 0? < 0.00 1, paired t test). 

In this report, we included data from shocks 
whether or not the shocks were successful in terminat- 
ing ventricular fibrillation. Defibrillation success is in- 
fluenced by many factors. In addition to adequate 
current passing through the heart, other factors that 
have been proposed as influencing defibrillation 
success include the duration of ventricular fibrilla- 
tion,*' metabolic abnormalities^^ and the cardiac 
diagnosis and state of the myocardium.^* ^^-^^ Thus, 
although reducing TTR and increasing current flow 
should improve the chances of successful defibrilla- 
tion, this single factor is only one of several deter- 
minants. 

We conclude that in human defibrilladon TTR 
varies widely and is best related to chest size. TTR can 
be substantially reduced and peak current flow in- 
creased during defibrillation by using large paddles 
and firm paddle contact pressure. These maneuvers 
will maximize current .flow from presently available 
defibrillators. However, repeating an initially un- 
successful shock at the same energy level causes only 
minimal changes in TTR and peak current There- 
fore, an initially unsuccessful shock should be quickly 
followed by a second shock at a higher energy level to 
. increase current flow substantially and avoid delays in 
achieving defibrillation. 
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Oral Prostaglandin E2 in Ductus-dependent 
Pulmonary Circulation 
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SUMMARY Prostaglandin (PGE,) was admimstered orally, in doses of 12-^5 ag/ke at intervals of J-4 
hours, to 12 □.onates in whon, the pulmonary circulation depended OD patency of the'di^SL ISSL li^ 
15 20 ^""^ ^^y^^\^^^^'^^o^ (Sao.) and plasma PG^ conc^tratton incr^s^^?^y^ml 

^"nfSri "'i.'f^^^"'! ^^"fL^'-PW^^We to those during i.n infosions. Treatment contfiweii for 5 SyTto 4 

.o!^^*'"^^ remained re^nsire for long periods - in four infants, for ow 3 rooQtfas. Codsecuently. sureerv 
could be delayed until the infants and their pulmonary arteries had growm Side cffectsSnrai Soy 

oral PGE, administration hare advantages oyer i.v. administratiDn, especially for long^erm treatiSent. 



INFUSIONS of the E-type prostaglandins are widely 
used to maintain patency of the ductus arteriosus in 
neonates with severely reduced pulmonary blood 
flow.'-"' Therapy usually continues for hours or days; 
the longest reported course of i.v, therapy has been 29 
days in one infant/ We have briefiy described the effi- 
cacy of long-term oral prostaglandin E2 (PGEj)*-" and 
now report our experience of oral therapy in 12 pa- 
tients. In particular, we tested (1) whether oral PGEj 
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consistently maintained ductus patency; (2) whether 
oral PGEa could easily be substituted for i.v. therapy; 
(3) the requirements of dosage and frequency of ad- 
nunistration; and (4) whether the ductus remained 
PGEa-dependent after a period of months. 

Patients and Mediods 

This study was approved by the Research Ethical 
Committees of both the Children's Hospital and the 
Central Birmingham Health District. Informed paren- 
tal consent was obtained in each case. 

Twelve infants with severely diminished pulmonary 
blood flow were treated with oral PGE,. Their mean 
weight was 2.90 kg. The cHnical features are given in 
table 1. In patients 2, 3, 4, 6, 1 1 and 12, the surgeons 
considered the pulmonary arteries, as shown by 
angiography, to be too small to attempt a shunt opera- 
tion. We hoped that prolonged treatment would en- 
courage growth. In patients I and 7, PGE, therapy 
was restarted after failure of a palliative operation 
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